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ETHOECOLOGY OF Hemidactylus frenatus (SAURIA, GEKKONIDAE) 
WITH EMPHASIS ON ACOUSTIC BEHAVIOR
CHAPTER I 
INTRODUCTION
Lizards of the family Gekkonidae have a widespread 
pantropic distribution, and in places where they occur 
are often the most abundant reptile. Houses seem to be a 
favorite habitat of some species of geckos and thus these 
.mimais can be conveniently observed. Within the family 
there is a vast array of structural and biological diver­
sity. Geckos are unusual among the Sauria in that many 
species are nocturnal and are able to vocalize. These 
lizards are of particular importance to the study of the 
role of vocalization in social behavior since they have 
shifted from a diurnal to a nocturnal habit (Camp, 1923) > 
and have acquired remarkable vocal abilities in the pro­
cess. In spite of being abundant, obvious, and biologi­
cally interesting, the gekkonids remain a very large 
group of terrestrial vertebrates in which the ecology, and 
especially behavior, has not been studied in any detail.
In the present study the ethoecology of the Mexican
I
2house gecko Hemidactylus frenatus is investigated. In­
volved in this work is an analysis of the acoustic behavior 
and an experimental investigation of the functional as­
pects of gecko vocalizations.
CHAPl'ER IT
TAXONOMY
Tho family Gokkonidao compriwoM a well circuniMcribcd 
natural group of lizards with rather unstable internal 
taxonomic units. With the exception of the Gekkonidae (and 
possibly the Scincidne) all major families of lizards have 
proved to be fixed taxonomic units since tho nineteenth 
century. Early efforts to classify geckos relied largely 
on ( lie form of t lie digit (Houlenger, iHB'l). lt<>cent at.templ.s 
at classification have been based on the shape of the pupil 
(Underwood, 1954), and multiple external and internal char­
acters (Kluge, 1967).
Underwood (1954) proposed that the Gekkonidae be 
divided into three families under the superfamily 
Gekkonoidea: Eublepharidae for geckos with true eyelids,
Sphaerodactylidae for procoelous geckos with a spectacle, 
and Gekkonidae restricted to amphicoelous geckos with 
spectacles. Two subfamilies are proposed for the Gekkonidae: 
Diplodactylinae for gekkonids with straight vertical pupils 
and Gekkoninae for geckos with Gekko type pupils. This 
scheme has been demonstrated to be inadequate for delimiting
3
4natural assomblogea ot* gonera (Klugo, 1964; Stophonwon,
i960).
Tho rocont, widely accoptod work by Klugo (I967), 
utilizing 18 diagnostic characters, groups tho gonora 
lilto l our subfaniil ioM : Kublopharinao , Sphaorcdnc tyl inao ,
IVi plodactylinae, and OoRkoninao. Klugo (ibid) also pro­
poses a phylogenetic relationship for the subfamilles.
The order from primitive to advanced is Kublopharinao, 
Diplodactylinae, Gekkoninae, and Sphaerodactylinao.
Lower taxons within the family Gekkonidae are rather 
stable, with most gonora being easily recognizable groups. 
The major taxonomic difficulties in the family are in 
phy 1 o g eu el ic rel at ion.ships be tween genera and in roi.ation- 
ships between Old and New World species and subspecies 
(Dixon, 1964; Kluge, 1969; Underwood, 1954).
The higher taxonomic categories and evolution of gek- 
konid lizards seems to have been resolved by Kluge and his 
classification will be followed in this paper.
Wermuth's (1965) checklist of the Gekkonidae of the 
world lists 83 genera, 6?3 nominal species, and 172 sub­
species. The genus Hemidactylus is the largest, and ac­
counts for approximately 10 per cent of the total number 
of species (76 species, 13 subspecies), excluding Gymno- 
dactylus and Phyllodactylus which are thought to be poly- 
phyletic (Kluge, I969)-
CHAPTER III 
DISTRIBUTION AND DISPERSAL 
Distribution
The family Gekkonidae is found on the majority of 
land masses between latitude 50° N and latitude 50° S. It 
appears that southeastern Asia, in the late Mesozoic, was 
the region and time of origin and early evolution of the 
family (Kluge, 196?)• From this region the Eublepharinae 
have become circumglobal with major centers of evolution 
in the New World and in Africa. The relatively primitive 
Diplodactylinae are restricted to the Australian region, 
while the Sphaerodactylinae are restricted to the New World. 
The Gekkoninae evolved and dispersed westward through south­
western Asia to Africa and Madagascar. This subfamily is 
also present in the New World and on many of the Pacific 
islands. (Darlington, 1957)
The genus Hemidactylus has wide geographical distribu­
tion, being found in nearly all the major land masses and 
many islands. The major center for spéciation has been 
Africa, with south-central Asia the secondary center (Kluge, 
1964). Approximately ?0 per cent of the Old World species 
and subspecies of Hemidactylus are found in central and
5
6northeastern Africa. Central and southern India, including 
Ceylon, have approximately 29 per cent of all Old World 
species and subspecies.
Most species of Hemidactylus have relatively small 
geographic ranges, however some exhibit extremely wide 
ranges. The species with great vagility and ecological 
plasticity are often aptly referred to as "weedy" species. 
The common half-toe gecko, Hemidactylus frenatus, is one of 
these "weedy" species and is pan—tropical in distribution. 
From its origin in southeast Asia it has spread to the East 
Indies, Africa, Australia, the islands of the mid-Pacific, 
and to Mexico (Kluge, 196?; Schmidt and Inger 1957; Under­
wood, 1954).
Published records from Mexico have been exclusively 
from states on the Pacific slope. Smith and Taylor (1950) 
only mention localities in the state of Guerrero in the 
region about Acapulco. Liner and Dundee (1969) extend the 
range southward with a locality record in Oaxaca. The 
Natural History Museum at the University of Kansas has 
records from the states of Guerrero, Oaxaca, and Chiapas. 
Inquiries to the University of California Vertebrate Mus­
eum and the American Museum of Natural History list only 
localities in these three states. Only two eastern slope 
collection localities have been found. A hatchling speci­
men of H. frenatus in the collection of Texas A & M Univer­
sity was taken three miles northeast of Tamazunchale, San
7Luis Potosi, 30 December 1951 (James R. Dixon, personal 
communication). The National Museum in Washington, D.C. 
lists a record from Ciudad Valles, 29 December 1965*
Fig. 1 shows Mexican collecting localities for li. frenatus.
Dispersal
The widespread distribution of geckos and their pre­
sence on islands far from major land masses brings up the 
question of dispersal routes. In their movements from the 
Old to the New World geckos have apparently utilized two 
major non-human assisted dispersal routes. The first was 
the Bering land bridge during the Cenozoic (Repenning,
1967). It is thought that the progenitor of the New World 
Eublepharine came by this route (Kluge. I962). The second 
was by fortuitous trans-oceanic dispersal. The gekkonine 
genus Tarentola has been cited by Kluge (1967) as an example.
As a group, geckos seem to have a high probability for 
over—water dispersal for a terrestrial vertebrate (Simpson, 
1952). The following characteristics, outlined by Kluge 
(1969), support the idea that geckos can sustain long over­
water movements: (1) small adult size, (2) adept at clinging
to moving structures, (3) insectivorous nature, but can 
ingest plant exudate, i k ) retain sperm, (5 ) withstand long 
periods without food or water, (6) impervious skin to water 
loss and uptake of salts, (7) secretive, found in cracks and 
crevices and under bark, (8) gregarious, (9) high population 
densities, (10) broad habitat preference, (11) communal egg
Fig. 1. Locality records for Hemidac tylus frenatus in Mexico.
Ciudad
Val les
Tamazunchale
Tier  r 0
Colorada
Pinotepa
NocionolAcapulco
G U A T E M A L A
Puerto
Angel
CD
9laying, (12) calcareous egg shell, (13) adhesive eggs, i l k )  
eggs withstand long periods of exposure to sea water, (15) 
early sexual maturity.
Geckos have also been aided in their movements by 
humans. The method of dispersal of Hemidactylus frenatus 
was probably by this means. These animals were, no doubt, 
brought to the New World on ships across the Pacific and 
possibly on more than one occasion. The evidence for such 
a hypothesis is as follows: (1) they do not appear to
differ from the Old World forms (Kluge, 1969; Loveriage, 
1947; Smith and Taylor, 1950), (2) their New World geo­
graphic distribution is almost entirely within human 
settlements, especially in ports and along routes of 
commerce, (3) most New World locality records are on or 
near coasts and they do not form a continous geographic 
range, and (4) the dates of introduction have been rela­
tively accurately established (Kluge, 1969). Human 
aided dispersal assures that this cosmopolitan gecko will 
further extend its range in the New World.
CHAPTER IV
ETHOECOLOGY
Introduction
Studies of natural populations of geckos in the genus 
Hemidactylus are rare and have been largely restricted to 
the Old World (Cagle, 1946a ; Church, 1962; Church and Chun- 
Sim, 1961; Mahendra, 1936). New World hemidactylids have 
been the subject of a few short ecological papers (King, 
1959; Rose and Barbour, 1968) and a relatively large number 
of taxonomy and distribution papers.
This study is the first ethoecological work done on 
Hemidactylus frenatus and the first detailed investigation 
of any member of the genus in the New World. Data gained 
from this work will be compared with other investigations 
of lizard ecology and behavior, and particularly with data 
from other members of the family Gekkonidae.
Description of Species
World
1836 Hemidactylus frenatus Schlegel, in Dumeril and Bibron, 
Erpétologie generale 3: 366-368.
Mexico
10
11
1939 Hemidactylus frenatus Taylor, Univ. Kansas Sci. Bull., 
26: 444.
Type Leyden Museum 
Type Locality Java
Hemidac ty Lus f rena t us can be separated from other 
members of the genus in Mexico by the following morphologi­
es a I features given in Smith and Taylor (1930).
Small granules on the dorsal surface with only a 
few relatively small convex tubercles, these usually 
on posterior part of body; femoral pores 15-18 on 
each side not separated mesially.
The color in life varies from a light uniform flesh 
color to blackish above, either uniform or with a distinct 
pattern showing spots and distinct laterodorsal lines.
The underpait of the body varies from neaily while to 
canary yellow. 'I'he dor.sti L color changes seem to depend 
somewhat on light and enviionment. At night in artificial 
light they are nearly flesh color when on white walls and 
rather grayish on darker substrates. Specimens taken in 
daylight are usually much darker and with more prominent 
dorsal patterns of lines. The sexes are similar in body 
form and color. Hatchlings and juveniles are similar in 
coloration to adults but with more conspicuous dorsal 
markings. Fig. 2 shows dorsal and ventral views of a male 
H. frenatus.
Fig. 2. Dorsal and ventral views of adult male Hemidactylus frenatus from 
Ciudad Valles, S.L.P., Mexico.
N)
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De Mff  i p t. io n of Region and .Study Area
Physiography
The study area was located in the town of Ciudad 
Valles, San Luis Potosi, Mexii-o, neat' the southern hordet 
of the st/kte o 1' i'aniaulipus on the verge oi the eastern 
coa.st*»! plain oi Mexico. i'o the west, the .Sierra Madre 
Oriental rises ahruplly to an altitude oi nearly IHOO m, 
to the east, a single anticlitu: separates the l.own (alti­
tude 91 I I I )  iroiii the coast.al plain. Rivers, «arising in the 
Sierra, run down deep east-west oriented canyons and emerge 
into the valley containing tlie city. These mountain tor­
rents combine into a iew rel.atively large rivers, such as 
the Rio Panuco, which dr a i n into the (iuli oi Mex i c o . 
il 1 Ilia t e
The region around C. Valles is essentially tropic.al 
in climate, being below the tropic oi Cancer and at an 
altitude of only 9i m. The mean annual air temperature is 
from 20 to 25 C while relatively high diurnal temperatures 
(29-32 C) contrast with cool nights (20-24 C ) (Vivo-Escoto,
1964: 199). The daily range of temperature often exceeds
the mean annual range by many degrees. The highest tem­
peratures in the area occur in June, July and August and 
can reach 40 C. Lowest temperatures are found in the 
months of December, January and February. In these months 
polar outbreaks can occur which produce "Nortes" (Northers) 
which sweep down the Gulf coast. Typically the "Norte"
I 4
brings cold dry air, heavy winds, cloudy skies, and occa­
sional squalls. In 1951 unusually severe oulbursi; 
occurred in February and produced killing frosts in the 
northeastern Gulf coast region of Mexico (Miller and Gould, 
I95J). Although rare events those "Nortes" probably play 
an important role in limiting the nor Ihward spread of the 
tropical bidta of eastern Mexico.
The C. Valles region sustains an annual rainfall of 
between 1000 to l400 mm (Mills and Hull, 1949). Most of 
this is due to easterlies or trade winds which sweep over 
the warm surface of the Caribbean and the Gulf of Mexico 
absorbing vast quantities of water. As these trade winds 
ai'c for c t; d to rise and c-ool along the high windward-facing 
slopes of the Sierii» Madie Oriental they release their' water 
vapor as rain. Maximum rainfal1 occurs in the months of 
June, July, August, and September, but some rain falls in 
every month (Vivo-Escoto, 1964: 203). Relative humidity 
in the area is consistently high, averaging over 70 per cent 
much of the year. It varies from an average of 60 to 70 
per cent in March to 80 per cent and above in the rainy 
season (Vivo-Escoto, 1964: 200).
A hygrothermograph was used to record daily temperature 
and humidity changes during the three months of this study 
(March, April and May). Table 1 shows a summary of these 
data plus the number of days of precipitation. These data 
demonstrate the rather stable temperature and humidity
Table 1. Weekly temperature, relative humidiLy and precipitation data for study area 
March ] to May 31, 1969 excluding week of May lO (hygrothermograph data).
Prec ipi ta-
Temperature Relative Humidity tion
Absolute Average Absolute Average Average Average Average Average Number
Week High High Low Low High Low of D
3/1-3/8 32.2 25.4 13.0 14. 5 20.0 99.5 58.2 78.8 2
3/9-3/15 29.4 24.9 12.8 15.5 20.2 94.1 53.7 73.9 1
3/16-3/22 29.5 26.6 10.5 i6 .0 21.3 94.4 46.4 70.4 1
3/23-3/29 33.9 28.6 l6 .6 19.9 24.3 100.0 29.3 74.7 1
3/30-4/5 32.3 29.2 18.3 20.6 24.9 96.1 53.0 74.6 2
4/6-4/12 33.4 30.3 20.6 23.3 26.8 99.9 65.1 82. 5 1
4/13-4/19 35.6 32.3 21.1 24.6 28.5 96.7 45.4 71.1 0
4/20-4/26 30.5 29.9 22.2 23. 0 26. 5 93.3 58.6 76.0 0
4/27-5/3 36.1 29.7 22.7 23.4 26.6 99. 9 61.1 80.5 4
5/4-5/10 36.7 33.0 23.3 25.3 29.2 98.8 56.0 77.4 0
5/18-5/24 32.3 32.6 23.9 24.5 28.6 97.6 50.8 74.2 0
5/25-5/31 32.3 32.3 22.7 24. 2 28.3 97.5 53.7 75.6 0
VI
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regimes during the study period. Average temperature 
varied only 9.2 C and average relative humidity only 12.1 
per cent. The precipitation listed in Table 1 was of two 
types. The first, and most common, was a light drizzle 
that genera 1 I y occurred at night. The second type was 
thunder storms wliich usually struck in the evening and 
were often quite strong. A light morning dew was also 
common, especia 1 ly in M a rch ;uid April.
The winds a round C. Valles are generally out of 
the east and can be quite strong, but the protected loca­
tion of the town results in only moderate winds, except 
during storms. Hurricanes, which originate in the Caribbean 
Sea , can occasional I y reach the coast of i'amau I i pus and 
have been known to cause damage in C. Va I les.
Fig. 3 shows two reproductions of 2 4 hour hygro­
thermograph records. The pattern of daily temperature and 
humidity changes seen on these two days are representative 
of the extremes for the three month study period. March 5-6 
was a cool day early in the study, while May 7-8 was a warm 
day near the end of the study period. Temperatures tended 
to be highest in the early afternoon and lowest in the early 
morning hours with no abrupt changes. Relative humidity, 
of course, reflected the temperature changes and was highest 
at night and lowest during the afternoon. Changes in 
humidity were also rather gradual, occurring over two and 
three hour periods.
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Fig. 3- Temperature and relative humidity records for 
two 24 hour periods (March 5-6 and May 7-8) from Ciudad 
Valles, S.L.P., M exico, 1969.
18
Végétation
In Mexico, H. frenatus is not generally associated 
with regional vegetation, and only slightly with cultivated 
plants. Vegetation, however, may be important as an indi­
cator of suitable climatological regions for the species.
It is also possible that H. frenatus will colonize areas 
other than human habitations, as the species has done to a 
limited extent in the Old World. For these reasons only a 
very brief discussion of the vegetation of the region and 
of the hotel garden will be given.
The preceding geological and climatic features inter­
act with biotic factors to determine the vegetation of the 
C. Valles region. If we consider the area as a whole, 
three of the Mexican Vegetation Zones described by Leopold 
(1950) are present. The Thorn Forest vegetation zone is 
located east of the town on the coastal plain. In the foot­
hills separating the town from the coastal plain is Tropi­
cal Deciduous Forest, and to the west of town is an area 
of Tropical Evergreen Forest. Ciudad Valles is located in 
a small valley covered primarily with plants of the Thorn 
Forest vegetation zone.
The garden of the Hotel Valles is extensive, sur­
rounding nearly all of the buildings (Fig. 4). Areas of 
lawn with scattered trees are found in front of the build­
ings and in the central drive islands. The remainder of 
the garden is similar to a dense wood. There are few low
19
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Fig. 4. Scale map o f Hotel Valles and grounds, Ciudad 
Valles, S.L.P., Mexico, April 1969-
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plants under the trees and little ground cover. This is 
due, in part, to the shady conditions and an intensive 
gardening campaign against leaves, litter, and weeds.
The plants in the garden were identified using Pesman's 
(1965) "Meet Flora Mexicana". The garden contains only a 
few native plants and many introduced varieties. The 
dominant tree, in terms of numbers,lis flamboyan (Delonix 
regia) with tropical almond (Terminalia catappa) a close 
second. The tall decorative royal palm (Sabal sp.) is 
also numerous, and is found primarily in front of the hotel 
buildings and in the central drive area. Smaller trees; 
orange (Citrus sinensis), lemon (C. limon) and banana 
(Platano musa) are located in open areas of the garden. 
Climbing vines such as golden trumpet (Allamanda cathartic ) , 
bougainvillea (Bougainvillea sp.), and milkcup chalice vine 
(Solandra nitida) are planted near the buildings. Low 
plants, other than lawn, are few but some hibiscus (Hibis­
cus rosachinensis) are planted around the central drive. 
Hotel and grounds
The study area was on the property of the Hotel Valles 
and was restricted by the boundaries of the hotel. Fig. 4 
is a scale map of the hotel buildings and grounds. A two 
meter high stone wall outlines the 152 m by I83 m dimen­
sions of the grounds. Ten separate stone buildings are 
situated within the confines of the property and are 
separated by areas of garden or lawn. The largest of
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these structures is the "Main Building" which is irregular 
in outline and whose greatest dimensions are 67 m in length 
by 48 m in width. The smallest building is a storage shed 
on the southern boundary of the land. This building is 
approximately six meters square. All buildings are con­
structed of stone with tile or thatch roofs.
Geckos were abundant on all the buildings but to in­
crease efficiency study was concentrated on two buildings. 
The Main Building (Fig. 5 upper) was chosen because of good 
lighting, convenience, and a very large population of 
lizards. The general floor plan of this building can be 
seen in Fig. 4. The north end of the building consists of 
a U-shaped first floor porch and rooms. The central part 
of the building is composed of two floors of rooms, in the 
shape of a rectangle, and connected to the south end of 
this section is a kitchen-dining area. The building is 
constructed of rock with a roof of tile, except for the 
dining room, which is roofed with palm thatch. The second 
building chosen for concentrated study was the "Casa Dona 
Maria" (Fig. 4 and 5 lower). This building was chosen 
because of its location, good lighting, large population 
of lizards, and its construction, which contrasts nicely 
to the Main Building. The Dona Maria is a rectangular 
(25 m by 19 m ) , two story, structure directly to the west 
of the Main Building. Both levels have a continuous porch 
on their north, west and south sides. Construction is rock
22
Pig. 5 . Main Building (upper) and Casa Doffa Maria 
(lower), Hotel Valles study area, Ciudad Valles, 3.L.P., 
Mexi<o, April I969.
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with a tile roof, but it differs from the Main Building 
in the extensive use of stucco under the porches.
Geckos were collected from nearly all structures on 
the grounds and comments will be made on other collecting 
localities in the section on habitat preference.
Methods and Materials
Period of study
The present study had its inception in May I968 and 
continued through September I969. During this period over 
300 Hemidactylus frenatus were studied in the field and in 
the laboratory. These animals were members of a popula­
tion located at the Hotel Valles in Ciudad Valles, Mexico.
A two day visit to C. Va 1 les was made on 21 and 22 
May 1968. This visit was exploratory and confirmed the 
feasibility of an ethoecological study of this population. 
Intensive field work was conducted during the three month 
period from 1 March to 30 May I969. The last visit to the 
study area, in August I969 (Aug. 23-26), was primarily for 
the collection of experimental animals.
Methods of working study area
On 1 March I969 the field study was initiated in earn­
est. Portions of two buildings (Main Building and Dona 
Maria) were selected for a mark-recapture study and were 
carefully mapped, noting structural land marks, in order 
that lizard movements could be easily and accurately fol­
lowed.
the method ot' study differed depending upon the typos 
of date being collotted. Ecological data wore ot» ta inod l>y 
ttïo usual capture, mar It, and recapture method while behav- 
i ora 1 da t a wore gathered by observational means. Study 
usually began one hour before sunset and continued until 
I wo ot t hree in the morning. On a number of nights t his 
routine was altered by beginning work at two or throe and 
continuing until an hour after sunrise. On five occasions 
work was cont inuous from one hour before sunset to one hour 
after sunrise. 
techniques of capture
The capture of geckos poses some unique problems to 
the j uves t i ga tor who is accustomed t.o work i ng with diurnal 
li/.aids w i t it 1 Lilli tod c I imlii iig ability. (lotico.s are genera I ly 
active in dim light conditions. The I iy,at ds a to of loti di 1 - 
ficuit to see and once seen difficult to follow, especially 
if they move into darkened areas. These conditions neces­
sitate the constant use of a flashlight or head lamp during 
capture procedures. The use of artificial light is a mixed 
blessing. Although it enables the collector to find and 
follow the lizards it also seems to stimulate the geckos 
to move, making capture more difficult. Another diffi­
culty in live capture of geckos is their remarkable climbing 
ability. Lizards are commonly found high on walls and 
ceilings. Geckos low enough to be within reach moved 
quickly upward and beyond reach on the approach of the
2t>
collector. A new method hed to lie developed to cm pi ni e 
these mil i mm Is.
Sevorm! methods were employed in I he cmplut e of 
li/.fUils. Noosing wms mtlompletl emrly in the slinly. A 
slip noose of medium weight nylon fishing lino wms fnsIened 
ot ( lu' tip of a fishing I'od. I'll i s method was not very sue - 
cess f u I because the li/.anls carry (heir heads very near 
(he substrate making i( difficult to slip the noose over 
their heads, and the ilim light c ondi t ions make it nearly 
impossib I e to see and haiulle the noose effectively.
Hand captui'o was also used and woi'kod wo I I on I i %ards 
that permittod approach. 'I'his was an especially useful 
method on juveniles and on adults, when within reach. Hn- 
I'orlunately most ol (tie gi'ckos w e r e wary and con lei not ii<‘ 
collected in this manner.
Ille most productive method of capture was one that 
was developed using a wisk broom at the end of a three 
meter bamboo pole. The gecko was sighted, swept off the 
w a 11 or ceiling with the broom, and then captured by hand. 
This method was most successful when two persons worked 
together, but some lizards still managed to escape by 
seeking shelter in crevices, or because of darkness.
With repeated recaptures by any of the above methods 
the lizards became increasingly wary. Shy individuals 
would attempt to escape or seek shelter immediately upon 
sighting the collector. It was found that collecting
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succoas, and oapecially rocapturo b u c c g b h , warn incroaaod 
by use ot' intermittent periods of' col lection. The largo 
number of people moving about the hotel acted to reduce 
wariness (if ter on I y n few days of lessened collecting pres­
sure .
i'a i I breakage during c ap t nr e was common and will bo 
discussed in the appropriate section. Other injuries as 
a result of capture were few and generally superficial.
I'he most common of these were skin lacerations which re­
sulted from abrasion caused by rubbing the lizard over the 
rough substrate. Lizards injured in this manner wore 
often recaptured and found to be completely healed. 
Pror<nlures af'l.er capture
Measurements. —  liiitiiedia Lely after captuie measurements 
of cloaca 1 temperatures were taken with a Schulthois quick- 
registering mercury bulb thermometer. The lizards were 
held with the ventral side up between the thumb and index 
finger. An attempt was made to grasp the lizards as near 
to the pectoral region as possible to insure that as little 
heat as possible was transferred from the collector’s 
fingers to the body of the gecko. Temperatures of juveniles 
and sub-adults were not taken because of their small size.
No temperatures were taken of lizards which had been chased 
a great distance because of the additional heat generated 
by vigorous activity and possible heat uptake or loss 
through contact with a markedly different environment
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(Cowles and Bogert, 1944).
Substrate and air temperatures were taken at the place 
where the lizard had first been sighted. It has been 
pointed out (Mayhew, I963) that accurate substrate tempera­
tures are difficult to obtain because the bulb of the 
thermometer cannot be placed in contact with the substrate 
over its entire surface. In spite of this criticism it 
was thought that the inaccuracy of these temperatures would 
vary to the same degree and give an indication of the re­
lation between substrate and body temperatures. Air tem­
peratures were taken approximately two inches off the 
substrate at the place of first sighting. All temperatures 
we I e recorded to the rrctrrest 0.1 C. Sriout-vent and tail 
iiiea sur ntiieti t s to the nearest O. I mm were taken on the ventral 
surface of the animal using a Vernier calipers. Total 
weight measurements were made to the nearest 0.1 gm on a 
triple beam balance. All measurements were performed by 
one person on living animals.
Habitat data.--The date and time of capture were re­
corded as well as locality data. The exact location of 
the first sighting, and the height of this site, were 
noted. The orientation of substrate was recorded (e.g. 
vertical, horizontal) as well as the position of the lizard 
on the substrate (e.g. vertical head up, down, or hori­
zontal .
Sex determination.--Sex determination is difficult in
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Hemidactylus frenatus because of a lack of obvious dimorphic 
characters. The sex of adult animals was determined by a 
combination of characteristics. The larger size, the pres- 
sence of more prominent femoral pores and the hemipenal 
swellings at the base of the tail served to distinguish the 
adult males. Juveniles were more difficult to sex but by 
using the presence of hemipenal swellings males could gen­
erally be recognized. Sex was determined with a reason­
ably high degree of accuracy and on only five occasions 
was it necessary to change the determination made on first 
capture.
Marking
A modification of the toe-clipping method of Martof 
(1953) and a system using colored paints were used to iden­
tify animals. Each lizard was individually and permanently 
marked for future recognition by removing toes with scis­
sors. The system required the removal of from one to six 
toes, but the maximum number removed from any one foot was 
two. This method of toe clipping is summarized in Table 2. 
When a single toe was cut, such as in animals numbered 1,
10 or 100, a special code was utilized as a "zero" mark on 
the opposite leg. This mark utilized the second and fourth 
digits, a combination not used to indicate a number. The 
use of the "zero" mark prevented confusion that might 
arise with the capture of a lizard having a toe missing 
through natural causes. The system permitted the marking
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Table 2. Code for marking lizards by toe-clipping.
Symbol (l) represents an entire digit; the (O) 
represents a clipped toe.
Fore Limbs Hind Limbs
Number Left Right Left Right
1 11110 10101* 11111 11111
3 11011 10101* 11111 11111
6 OHIO 11111 11111 11111
9 00111 11111 H i l l 11111
10 10101 * 01111 11111 11111
6o 11111 O H I O 11111 11111
66 OHI O O H I O 11111 11111
100 11111 11111 11110 10101*
i6o 11111 O H I O 11110 11111
l66 O H I O OHI O 11110 11111
* Zero mark , explained in text.
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of 999 lizards which was more than adequate for this study. 
The toe clip did not appear to affect the climbing ability 
or survival of the marked animals, and it provided a rela­
tively error free system of marking.
To assist in identification of animals from a distance 
some adults were conspicuously marked by painting colored 
dots, in various combinations, on their backs and legs.
Two colors of radiant fluorescent paint were used (Radiant 
Color Co., Richmond, Calif.). Under natural light this 
paint looks very much like any other paint but under black 
light it fluoresces. The use of this paint and a black 
light (Black Light Specialities, Okla. City) enabled the 
investigator to see and recognize individual geckos under 
dim light conditions.
Male and female H. frenatus were color coded with 
orange and yellow respectively. Numbers from one to nine 
were indicated by corresponding numbers of daubs of paint 
on the lizard's backs, number 10 by painting the upper sur­
face of the left foreleg, and number 11 with painted fore­
leg plus one daub on the back. Number 20 was indicated by 
painting the upper right foreleg, number 30 the upper left 
hindleg and number 40 the upper right hindleg. Juveniles 
and subadults were marked with a stripe down the midback, 
and naimals from the Dona Maria were distinguished from 
Main building animals by a band across the base of the tail. 
By means of this system a total of 49 adult lizards could
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be individually marked, on each building.
Two factors limited the effectiveness of the paint 
marking system. The small granular scales of H. frenatus 
did not allow the paint to penetrate and hold as well as 
it might on a large scaled species, and after about three 
weeks the marks began to flake off and had to be replaced. 
The shedding of the skin with the concomitant loss of 
paint markings also had to be reckoned with.
The effect of the paint marks upon survival cannot be 
evaluated because it is not known if the marks exposed the 
lizards to greater predation pressures. It is known that, 
in the absence of strong artificial light, lizards with 
paint marks were no more evident to the human eye than 
those without marks.
Collection of behavioral data
Two well lighted areas with large populations of 
geckos were chosen on the Main Building and the Dona Maria 
respectively for behavioral observation. An attempt was 
made to individually paint mark these animals to aid in 
interpretation of observed behavior. This was found to 
be difficult because animals which occupied unobstructed 
areas suitable for observation were wary. In spite of this 
difficulty some animals were marked and subsequently came 
under observation. The investigator placed himself about 
six meters from the area under observation about half an 
hour before sunset. If no quick movements were made the
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emerging geckos did not appear to notice the presence of 
the investigator and observation could be accomplished 
with the aid of seven power binoculars. Behavioral observa­
tions were generally made on alternate nights. The period 
of time the lizards were watched varied from only a few 
hours to nearly 10 hours.
Results and Discussion
Sex ratio
The sex ratio for 130 male and I56 female PI. frenatus 
was 4 3 :33. The ratio is approximately the same for animals 
under 43 mm (43:37) and those over 43 mm (46:34)(Table 3).
A Chi-square test of significance was used to compare these 
data with the expected 30:50 sex ratio. No significant 
difference from the expected is seen in either of the size 
classes, or for the total number of animals collected.
The secondary sex ratio (ratio at birth) can not be 
ascertained without actual birth records, but of l4 animals 
under 35 mm in snout-vent length, equal numbers of males 
and females were found. The small number of records and 
the difficulty of sexing these tiny animals sheds some 
doubt on this data.
In most studies on breeding structure of lizard popu­
lations it has been found that females outnumber males.
This has been shown in iguanids by Blair (I96O), Hirth 
(1963), and Tinkle (1967); and in agamids by Harris (1964).
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Table 3- Sex ratios of Hemidactylus f rena tus by size class 
with results of Chi-square tests.* Ciudad 
Valles, S.L.P., Mexico, March-May 1969.
Less Than 
45 mm
Snout-vent Length
More Than 
45 mm
All
Animals
Total No. 
of Animals
N o . of
Ma l es
Percent 
Ma les
P Value
42
18
43
500>P>. 250
244
1 I 2
46
.250>P>. 100
286
130
45
, 250>P>. 100
* Chi-square values were used to test the hypothesis 
of a 90:90 sex ratio.
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The percentage of females in these studies varies from only 
slightly over 50% in Uta stansburiana to 63% in Sceloporus 
olivaceus. Work with gekkonid lizards also indicates an 
uneven sex ratio in favor of females (Church, 1962; Greer, 
1967; Hose and harbour, I968). The sex ratio in these 
studies varies to approximately the same degree as in 
iguanids and agamids. In the few lizard studies in which 
secondary sex ratio is reported a ratio near 50:50 is gen- 
eraily found (Blair, i960; Tinkle, 196?). No reports of 
secondary sex ratios in gekkonid lizards have been pub­
lished.
Church (1962), in his study of H. frena tus found that 
375 923 animals were males (41%). In view of these
data and the results of the present study it is felt that 
a significantly greater number of adult females exist in 
breeding populations of H. frenatus.
If we assume that the secondary sex ratio is equal in 
H, frenatus then something is causing differential survival 
in these populations. The direct causes are unknown, but 
it is possible that the males are more active and there­
fore exposed to more attacks of predators. Antagonism 
between males could make establishment of a territory dif­
ficult for a maturing male, resulting in continued wander­
ing in search of a place to settle. Wandering in unfamiliar 
areas could result in greater susceptibility to predators
than would be found in individuals with established terri­
tories.
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A possible biological advantage of this unequal sex 
ratio in H, frena tus is apparent if we assume harems or
promiscuous mating. If one male could service a number of
females the survival of an equal number of males and fe­
males would be a waste of food, home sites and other re­
quirements. It would be a selective advantage to the 
population to have surplus males taken by predators, there­
by reducing predator pressure on valuabJe females.
Size
The body length of the sexes differed, with males 
being larger than females. The mean snout-vent length for 
130 males was 5I.O mm while the female average for I 30 
individuals was 50.0 mm. These means wore significantly 
diffeieriL a I the P cT. 0 0 1 level. I'he 95% confidence limits 
for the mean of males and females were 49.65 - 52.35 m m , 
and 49-12 - 50.88 mm respectively.
The weight of the sexes also differed with the males 
again being larger. It should be pointed out that some
animals had missing or partially regenerated tails at
weighing. Inaccuracies as a result of this factor are 
thought to be minimal, since the sexes have been shown to 
have an equal chance of possessing shed or regenerated 
tails. The average weight of 128 males was 3.2 gm and the
average for females 2.9 gm. The means were significantly
different at the P < . 0 0 1  level. The 95% confidence limits 
for the mean of males and females were 3.0 - 3.4 gm and
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2.?8 - 3.02 gm j-ospoc t ivo ly.
Weights and Lengths oi hatchlings were not oblaitied 
but some idea oi size at hatching can be gained by looking 
at the records ol the smallest animals collected. TLie 
smai lest iiu> 1 e was 2 1.^ 1 mm in snou t - ven t length and weighed 
0.3 gm. The smallest t'em/ile was a 24.0 mm, 0.3 gm indi­
vidual. I'he lightest animal collected, a male, weighed 
0.15 gm and was 22.2 mm in length. The snout-vent length 
at hatching is probabJy very close to 21.4 mm because this 
animal still had an open umbilical scar. The weight at 
hatching is, no doubt, closer to 0.3 gm than the lighter 
(.15 gm) weight recorded for a longer animal. It is likely 
(hat the hatchlings will tend to lose weight after emerging 
I'rom (lie eggs due to energy expenditure and d i f 1 i c u 1 t y in 
obtaining food. Size differences between the sexes at 
hatching can not be demonstrated with the small number of 
records, but studies on non-gekkonids report no differences 
between the sexes (Blair, I96O; Tinkle, 196?).
Church (1962) published length and weight data for 
frenatus ir Bandung, Java. He reported mean snout-vent 
lengths for 375 males and 548 females of 54.48 mm and 51-37 
mm respectively. Average weights of 3-10 gm for males and 
2.54 gm for females were also given. Church's weight and 
length data are higher than those reported in the present 
study. The length of the Java animals ranged from 35 - 67 
mm while the range in the present study was from 21.4 to
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(tint the Ij. ft’onotua in Jnvn nro inrgor (hnn tltoae I 1 om 
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l'Ito renaona l'or t li I a alzo di t'l'o roiu" o «ro not. iinown, 
but it ia poaaibio (l»n( ( liey n 10 1 o l « l tut (o l.lw> goograpliic
position o I t lio two popu I n t.i ons. i'ito t'. Vnllos populntion 
is lo'.att'd 23" N latitudo whi I o t.liti vtava populat. ion is a L 
8" S latitudo. riiis proxi mi t y ol' Java t o (lu* oepia I 01 
probab I y assures titat. t l»o woa t lio 1 is more ct)udiu'ivo l.o 
gecko grow t It tlïan it is in noriltern Mexico. i'iie absoluLu 
variatie)u in température over a year in lianilnng, Java was 
on I y 18.2 ( (Chnrcli, l‘)()2), wliile tlie variation over tlte 
I l\i'c*> iiion 111 si udy pc r i od I 11 ( . Vail c s wa s 2 2 . 2  C ( lab I I ) . 
the Mexican populat ion has to withstand eta i I y and seasonal 
weather t'lue tua t ions which slow development, decrease 
feeding time, and probably also reduce the life span of 
the geckos.
Fig. 6 shows weight frequencies of H. frenatus. The 
disproportionately large number of females as well as the 
greater weight of the males can bé seen in this figure.
Age classes are difficult to ascertain from the frequency 
distribution. Several factors are operating to obscure 
age classes. First, there is evidence that individuals in 
the population are long-lived and reach adult size in one 
year. Second, the reproductive season extends from early
3‘)
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Fig. 6. Weight frequencies of 32? Hemidac ty1 us 
frenatus from Ciudad Valdes, S.L.P., Mexico, March-May I969
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February to October or November (Thomas Osuna, personal 
communication). Young produced over such a long span of 
time result in a wide distribution of weight frequencies.
The frequency of gravid females in various weight 
classes is also shown in Fig. 6. The majority of females 
(167 of 182) fall in these sexually mature weight classes. 
The snout-vent lengths of gravid females ranged from 47-3 - 
56.0 mm and Fig. 6 demonstrates that this range also in­
cludes the majority of females captured- The proportion­
ately large number of reproductively active females in the 
population could be an advantage in a species such as H. 
frenatus in which only one or two eggs per clutch are pro­
duced .
The weight - snout-vent length relationships for 350 
geckos are plotted in Fig. 7» If an imaginary line is 
drawn through the distribution a nearly uniform curve is 
obtained. The only deviations being in the smaller animals 
in which length increases more rapidly than weight, and in 
an obvious decrease in growth as the lizards approach mature 
size. Very little difference exists between the weights 
of males and females of the same length. The wide varia­
tion of weight at a given snout-vent length is striking.
In females this could be explained by the presence of 
gravid individuals, but the females do not seem to vary 
more than males. The weight variation is probably due to 
differential amounts of stored food in the form of fat.
4l
<2-
60- 
86 
56- 
84- 
82 • 
80'
E
E
46"
44
* 4  e # »  mvm m A m
o
• # # a •• «g64**6t** *
• M • «n A • «•
o o> «D n  4D ■> es em» e co c* •> o e
• a W a # @ a ##» # •
8 • • a
X  
J—o  z
Üj 42-
H
Z
ÜJ
>
1-
3
O
Zco
40-
38 - 
36- 
34 
32 - 
30 ' 
28 
26- 
24 
22 
20 -
• M A L E  
o F E M A L E
as i.O 2.0
"1“
4 . 0 4.5
T“
5.0
T-
5.5
WEIGHT (gm)
Fig. 7. Correlation of weight with snout-vent length 
of 350 Hemidactylus frenatus collected at Ciudad Valles, 
S.L.P., Mexico, March-May 1969.
42
and to differences in the condition of the tail (missing, 
partially regenerated, etc.).
Growth
Growth rates per month by snout-vent length and sex 
are presented in Table 4. A t-test for the difference 
between means was used to test possible sexual differences 
in growth rate in all three size classes. No significant 
difference was found In the two smallest size classes, but 
in the 5I-6O mm size class a significant difference between 
the means of the sexes at the P-<.01 level was obtained. 
This difference in the largest size class can be explained 
by a slowing of female growth as they approach adult size. 
Males are larger as adults and therefore maintain a greater 
growth rate in this size class.
Tinkle (1967) in a literature review of lizard growth, 
states that "there are no very significant differences 
reported in the literature between growth rates of males 
and females". This statement agrees with the results given 
above.
The combined average monthly growth rates give a 
better indication of growth in the three size classes be­
cause of larger sample size. The average growth of animals 
in the 30-40 mm size class was 4.4 ± 2.05 mm. The growth 
per month in the 41-50 and 5I-6O mm size classes was
2.1 ± .3 5» .97 i .255 mm respectively. The combined
average growth rates were significantly different at the
Table 4. Average growth rate per month by sex and snout-vent length for Hemidactylus 
frenatus from Ciudad Valles, S.L.P., Mexico, March-May 1969.
Size Group(mm)
Males F emales Both Sexes
Number 
of Lizards 
in Sample
Average 
Growth 
Per Month(mm)
Number 
of Lizards 
in Sample
Average 
Growth 
Per Month(mm)
Average 
Growth 
Per Month(mm)
31-40 2 6.3 2 2.5 4.4
41-50 8 1.9 13 2.3 2.1
51-60 8 1.6 16 0.35 0.97
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P<C.001 level. These rates fit the classic idea of animal 
growth with very rapid growth at first and a gradual slowing 
as maturity is reached.
Tinkle's (I967) review of lizard growth shows that 
growth rates average approximately 0.2 - 0.3 mm per day. 
Cagle (1946a) indicated growth rates for Hemidactylus 
garnoti of .6l mm per day maximum and at least .20 mm per 
day until mature. Bustard (1968a) reported growth rates 
of .05 mm per day in adult and subadult Gehyra variegata.
If the monthly growth rates in Table 4 are converted to 
daily values only one of them (males 30-40 mm, .21 mm per 
day) is as high as the figures of Tinkle and Cagle, but 
most of them are higher than Bustard's values.
The growth rate differences above may be actual species 
differences or they may be related to temperature differ­
ences in the habitats of the species studied. Bustard 
(1968a) states that growth rate increases directly with 
temperature in ectothermic animals. These factors plus 
the lack of growth records for hatchling and juvenile H. 
frenatus could explain the discrepancies in growth rates. 
Tail
The tail is an organ of great importance in lizards, 
functioning in fat storage, predator escape, balance, and 
mating.
Length.— In H. frenatus that have never sustained a 
broken tail the ratio of snout-vent length to tail length
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varies from about 1.2 to .99 mm in males, and from .98 to
1.1 mm in females. If the mean tail length for each snout- 
vent class is graphed ontogenetic changes can be observed 
(Fig. 8). In males the tail appears to be proportionately 
shorter in adults than in young, but in females the opposite 
condition holds, tails are proportionately longer in adults 
and shorter in young. The significance of this sexual dif­
ference is not known.
The longest unbroken tail recorded for a female was 
one of 56.9 mm possessed by a lizard with a snout-vent 
length of 54 mm. The snout-vent : tail length ratio was
.95. The longest male tail was one of 63*2 mm on a lizard 
with a snout-vent length of 64.5 mm. This body was 1.02 
times the tail length of the lizard.
Reports of lizard snout-vent : tail length ratios are 
scarce, but if a generalization can be made, it is that 
tails are longer than bodies. This is especially true in 
arboreal lizards such as Anolis nebulosus (Jenssen, I969) 
and Sceloporus olivaceus (Blair, I96O), but it is also 
true of completely terrestrial lizards such as Uta stans- 
buriana (Tinkle, I967) and Eumeces fasciatus (Fitch, 1954). 
Rose and Barbour (1968), working with Hemidactylus turcicus, 
reported tail length : snout-vent length ratios of .94 for 
juveniles, .96 for subadults, and 1.07 for adults. Few 
other snout-vent : tail length ratios have been reported
for geckos but it appears from the present work, and the
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work of Rose and Barbour, that the generalization of tails 
longer than bodies may not hold for the family Gekkonidae.
Breakage.--In spite of its usefulness the tail is a 
potential liability when the lizard is attacked by a preda­
tor. Geckos share, with many other lizards, a fragile 
tail construction which permits easy breakage when grasped 
by a predator or aggressor.
The anatomical basis of tail breakage has been described 
by Warner (1961). In Hemidactylus the tail begins with 5 
non-autotomous pygal vertebrae which are followed by auto- 
tomous (except for the last three) postpygals. Each verte­
bra is divided in the midvertebral plane by a preformed 
autotomy split. The non-skeletal caudal structures are 
similarly divided, and the autotomy plane is found in all 
caudal organs and tissues except perhaps the spinal cord.
It is generally accepted that the tail breaks at one of 
these intersegmental planes of weakness rather than between 
vertebrae (Bellairs, 1957).
The frequency of broken or regenerated tails in the 
population should be proportional to frequency of attacks 
by predators, but the picture is complicated by the fact 
that tails can be broken in other ways. Fighting or mating 
animals often grab tails, resulting in breakage. Collec­
tors also often break tails in the process of capture.
Field observations were made on some possible causes 
of natural tail breakage in H. frenatus. On 5 April I969
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at 7=34 FM a group of markod g«cko« on the upper west 
porch of the Dona Maria were under observation. A largo 
male approached another smaller male who responded by run­
ning off. i'he larger male pursued and grabbed the smaller 
animal by the center of the tail. i'he smaller began to 
quiver in the grasp of the lai gtir I i/.atd, gave a strong 
jerk, and escaped. On 10 April 19^9 at 7•30 FM another 
group of Dotta Maria geckos wer e under obser-va t ion. A 
large male was approached by an adult female, and as she 
came within 10 cm the male lunged and grabbed for her.
She turned to flee and the male grasped her tail near the 
end. The female was stopped short and began to quiver as 
she struggled to escape. 'I'he male appeared to try to 
shilt his grip and t h<> f luiia I e jruked free and (sscaped. 
Although no tail breakage octorred, these two observations 
are probably representative of some of the causes of natu­
ral tail breakage in 11. frena tus .
Evidence of natural tail breakage was found in all 
ages of lizards. The frequencies of tail breakage by sex 
and type of breakage are shown in Table 5» Thirty nine 
per cent of the males and 36% of the females suffered 
natural tail breakage. A Chi-square test of independence 
was performed to determine if sexual differences exist in 
frequency of breakage. Sexual differences in total break­
age, breakage in capture, and natural breakage were found 
to be nonsignificant. Frequency of natural breakage for
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(H? of l()3) ol ( ho mofo t han 10 mm anima I m had Miiffot'od 
(ail 1)1 o a k a g o .
I'ho I i (ora ( nro on frotjuoiuy oi (,ail hr'oak/igo in got koM 
is fairly oxtonsivo. 'I'ho raro got ko of (.ho gonuM Agamura 
appa ron ( I y doom not. I o m o  i(s fail a f  all (III an ford, \iSy(i)^ 
but in othor geckos (.ho frequency of régénéra (. i on varies 
frtim 60% in (îohy rn va r i ega ( a (Ihist.ard, I q68a ) to nine per 
ft>n( in I) i p I tidat ( y I us wi I i i a ms i ( hu.s (./» rd , l"3()4 ). In I ho
genus llemidac(y I us, tail breakage frequency varies from 
61.2% in jl. turcicus (Werner, 1968) to 3 i % in h . garno t i i 
(Cagle, 1946b). Some of the above data, such as that tjf 
Werner were obtained from preserved specimens whose tail 
loss may have occurred during or after collection, resulting 
in higher frequencies than are naturally present. Higher 
frequencies can be obtained in the present study if break­
age during capture is included. Fifty-three per cent of 
the H. frenatus had broken or regenerated tails if we in­
clude the breaks that occurred in capture.
Sexual and ontogenetic differences in frequency of 
tail breakage have been investigated by Cagle (1946b) and
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Werner (I 968). Cagle reported that only 10% of juveniJo 
garnot11 had regenerated or broken tails while 31% of 
the adults possessed regenerated or broken talJs. Werner 
also found that juvenile 11. turcicus had a lower- frequency 
of tall breakage than adults (juveniles 5^% and adults 
69%). Cagle and Werner both found no significant differ­
ences between the sexes in f 1 ecpiency of tail breakage, 
although in both studies males bad a slightly higher fre­
quency than females.. 'I’he published data for taj I br eakage 
fr'o«iuency of gekkonlds seems to agree very we I I with the 
dat.r from the pres en I, s t udy .
Shedding
No data were ob I a i ned on sheriding frerjuruuy, but many 
( a p 1 I v(! a n i ma I .s wen 1 1 ti rough CMcly.si.s and a few ob.MfMva-
I ions were made, I’he approach of the moll. Is signal led by 
the opaque, lifeless appearance of the skin. I'he old, 
cornified epidermis loosens and begins to split along the 
sides of the body and head. Suture lines also form around 
the bases of the legs and tail. 'I’he dorsal and ventral 
halves of the body and head skin are removed with the aid 
of the mouth and by rubbing on nearby objects. fhe skin
of the legs and tail is pulled or rolled off with the 
mouth, much like gloves. All skin is generally eaten 
after removal. The approximate duration of the molt was 
determined for three captive animals and found to be one 
day or less.
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Only one free-living gecko was captured while in the 
process of shedding, and this animal was in the early 
stages of molt. This seemed unusual since the generaliza­
tion has been made (Tinkle, I967) that lizards molt every 
three or four weeks. If this were the case the probability 
of capturing a molting individual would be much greater 
than one in over 5OO captures and recaptures. Observa­
tions on captive shedding animals provided an explanation 
for this scarcity of shedding individuals in a natural 
population. It was found that the geckos' ability to 
climb is adversely affected by the molt. Animals in the 
latter stages of molt cannot cling to vertical surfaces or 
ceilings, but are still able to walk upright on a hori­
zontal surface. Geckos unable to climb would be exposed 
to much greater predation pressures than those able to 
climb, and it would be a selective advantage to remain 
quiescent during this period. The situation has parallels 
in snakes and many water birds. The eyesight of snakes 
is adversely affected during ecdysis and they are generally 
quiescent until shedding is completed. Molting water birds 
are unable to fly because they lose all their wing pri­
maries at once. Birds in this condition are often quite 
secretive until molt is completed.
Population density and biomass
H. frenatus was abundant on the buildings and grounds 
of the Hotel Valles. The lizards were found on every
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building and were even on light poles and trees in the 
gardens. Although collecting was restricted to limited 
sections of two buildings a total of 310 geckos were 
marked during the study period.
Population density is defined by Odum (1959) as popu­
lation size in relation to some -unit of space. Population 
size was estimated using a mark-recapture method in which 
a sample of the population was captured, marked and re­
leased, and a proportion used to estimate the total popu­
lation (Table 6 ), The pre-census and census dates were 
chosen because they occurred during a period of high lizard 
activity, and because nearly equal numbers of lizards were 
caught on pre-census and census dates. The porportion was 
set up following the procedure developed by Peterson (I896) 
and estimates of population size for limited areas of two 
buildings were determined (Table 7).
The ideas involved in the proportional method of popu­
lation size estimation are simple enough but certain assump­
tions are implied when this method is used. These are 
discussed in detail by Andrewartha (1961) and were given 
careful consideration by the author.
The approximate floor area of the census area was 
1758 sq ft in the Main Building and 46$6 sq ft in the Dona 
Maria, Using the population size estimates this extrapo­
lates to 6200 individuals per acre on the Main Building 
and 1026 individuals per acre on the Dona Maria. The mean
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Table 6. Estimated number of Hemidactylus frenatus present 
in two census areas at the Hotel Valles, Ciudad 
Valles, S.L.P., Mexico during March 1969.
Precensus Census No * 
Dates Dates Marked 
1969 (A) (B) on (A)
Total 
No 0 
Captured 
on ( B )
Recaptures 
on ( B)
Population 
Estimate 
for (A)
Main Building
3/4-3/22 3/30-4/14 69 54 15 248
Doha Maria
3/8-3/22 3/29-4/7 37 37 12 114
Table ?• Estimated density and biomass of Hemidac tylus
frenatus on two census areas at the Hotel Valles, 
Ciudad Valles, S.L.P., Mexico during March 1969.
Estimated Number of Lizards 
(from Table 6 )
Approximate Area of Habitat 
(sq ft )
Density (individuals/acre) 
Biomass (gm/acre)
Main
Building
248
1758
6200
18,600
Doffa Maria 
114
4656
1026
3078
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weight for males was 3.2 gm and for females 2.9 gm with an 
average weight of 3.0 gm. Biomass in grams per acre was 
estimated from these values and found to be l8,600 gm per 
acre on the Main Building and 3078 gm per acre on the Dona 
Maria (Table ?).
The population size estimate on the Doha Maria census 
area (ll4) was much closer to the number actually captured 
(98) than was the size estimate on the Main Building census 
area (248 estimated to 179 captured), and the density and 
biomass estimates on the Dona Maria were much lower values 
than those for the Main Building. It is thought that these 
differences are a result of contrasts in the habitats pro­
vided by the two census areas.
The Doha Maria census area is a fairly modern, well 
lighted, stucco and rock porch. The roof of the porch is 
uncomplicated by rafters and has few cracks, crevices or 
holes. The census area of the Main Building is an old, 
poorly lighted, rock and wood porch. The roof is construc­
ted of wood with rafters spaced at five foot intervals, 
and has numerous cracks, crevices and holes. The complex 
environment of the Main Building, in spite of its smaller 
size, supports many more lizards than does the Doha Maria 
area, and the lizards are much more difficult to capture 
than those on the Doha Maria. This results in a larger 
proportion of the Doha Maria population being captured, 
and in smaller density and biomass estimates for this
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census area.
Published density estimates in lizards other than 
gekkonids have ranged from two per acre in Basiliscus 
vittatus (Hirth, I963) to 6OO per acre in Anolis limifrons 
(Heatwole and Sexton, I966). Biomass estimates of non- 
gekkonid lizards have been few in number. Tinkle (I967) 
reported a maximum biomass of l43 grams per acre in Uta 
and Jenssen (1969) estimates a maximum of 488 gm per acre 
in Anolis nelmlosus. In gekkonids, Cagle (1946a) has re­
ported a density of $00 Hemidactylus garnoti in a 2400 
sq ft area.
Although species comparisons are complicated by dif­
ferences in body size, it appears that geckos and Anolis 
have higher density and biomass values than other lizards. 
These relatively high values can be explained by the pres­
ence of multiple dimensions in the habitats of these liz­
ards. Many geckos and Anolis can utilize vertical as well 
as horizontal surfaces which greatly increases the carrying 
capacity of a given two dimensional area.
Thermal relationships
The early study by Cowles and Bogert (1944), dealing 
with temperature relations in desert reptiles, has stimu­
lated a great deal of work on body temperatures of reptiles. 
The reviews of this work by Bogert (1949), Fitch (1956), 
Schmidt-Nielsen and Dawson (1964), Brattstrom (1965) and 
Fry (1967) demonstrate that little consideration has been
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given to the ecological significance of temperature mea­
surements. Some authors have, however, attempted to relate 
their work on temperature preference to the ecology of the 
lizard concerned (e.g., Bogert, 19^9; Inger, 1959; Rand, 
1964; Ruibal, I96I).
In the past, most of the species studied have been 
temperate forms, and the bulk of the work has been on 
species from semiarid regions. The statement of St. Girons 
and St. Girons (1956), that little is known about the 
thermal requirements of tropical reptiles, is still largely 
true. If we consider tropical nocturnal reptiles, such as
H. frenatus, virtually nothing is known about their thermal 
ec o 1ogy•
In the present study cloacai temperatures were taken 
of 221 H. frenatus. Male cloacal temperatures averaged 
27.1 i 3.46 C (95% confidence limits; 26.20 and 27-80 C) 
while females averaged 27-3 - 3-0 C (95% confidence limits; 
26.80 and 27.80 C). The mean cloacal temperature for 
females was slightly higher than for males but the differ­
ence was not significant. The average cloacal temperature 
for both sexes was 27.2 i 3.19 C with a range from 19.0 
to 34.3 C ,
The voluntary minimum and voluntary maximum tempera­
tures were probably not determined. The lowest cloacal 
temperature (19.O C) was obtained from a 42 mm. Main 
Building female on 4 March, The air temperature and
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substrate temperatures at the site of capture were 16.2 
and 18.0 C respectively. The animal was on a wooden sub­
strate 3*5 m high near the juncture of the ceiling and 
wall. The highest cloacal temperature recorded was 34.3 C 
from a 56.O mm male captured on the upper west porch of 
the Uofia Maria on I6 April. The air temperature at the 
site of capture was 31*6 C and the substrate temperature 
32.4 C. The animal was resting near the ceiling on the 
stucco wall 4.9 m above floor level. Geckos were active 
at the temperature extremes encountered during the three 
month study period, and it is felt that work done through­
out the year would greatly extend both the voluntary minimum 
a n d  v o l u i i l . a r y  n i a x i i n i i t n  t. c i i i p c  r a  t, u r  t; s f o r  t h i s  s p o t  i , f ; s .
Ail', subs t ra t e , and cl oat a I t empo ra t ur'o s w(,-re taken 
concurrently for 138 captures ol active geckos. Average 
cloacal temperature was higher than the average air or sub­
strate temperatures, and the means were compared using 
t-tests (Table 8 ). Significant differences at the P < . 0 0 1  
level were obtained between the cloacal temperatures and 
the two environmental temperatures.
The degree of correlation between cloacal temperature 
and the two environmental temperatures can be seen in Figs.
9 and 10. In both cases the correlation coefficient is 
very high, and the probability of correlation highly sig­
nificant .
In nearly every case the cloacal temperature is higher
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'l'ahlo 8 . Air , cloacal, and huI)H ira (,o l.otnporaiuro da ia with 
i-valuoa l'on ilie dirrorencea boiwcon ihe moana 
l'or 138 capturas ol' lioniidac i y t ua l'r orra i ua from 
Ciudad Valles, S,L.pT"J| Mexico, Rarch-Moy I 969.
Mean Range
S tanda rd 
Ilevia t ion
t
Value
Ai r 26. 9 16.0-33.4 3 .6 3
C 1oa ca 1 28.4 19.0-34.3 3.61
3.4 3 '
Subs t ra t e 26 .8 18.0-34.3 3.57
3.69*
* Significantly different at the .001 level.
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Fig. 9» Scatter diagram of cloacal temperatures and 
substrate temperatures of Hemidac tylus frenatus from Ciudad 
Valles, S.L.P., Mexico, March-May 1909. The line connects 
the isothermal points. r = the product moment correlation 
coefficient; P - the probability of the correlation.
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Fig. 10. Scatter diagram of cloiicai temperatures and 
air temperatures of Hemidac tyI us f rena t us from Ciudad Valles, 
S.L.P., Mexico, March-May 1969• The line connects the 
isothermal points. r - the product moment correlation 
coefficient; P = the probability of the correlation.
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than oithor the sub«t. rnt« or I ho ait* t oinporn turo. Tho 
maximum positive deviation of cloacnl temperature above 
air and substrate was approximately four degrees centi­
grade. The maximum negative deviations of cloacal tem­
peratures below air and subs!ia te tempera lures were only
1.2 and 0.8 C respectively.
Two reasons for higher cloacal temperatures can bo 
proposed. First, it Is possible that mo taboIic heat is 
responsible, but it has been demonstrated that lizards 
gain little heat in this manner ( Tempie t on, i960). Second, 
and probably a more roasonabIe explanation is that geckos 
use behavioral means to maintain a slightly higher body 
I empe 1 a I nr e . I'he animals may seek warmer' areas of sub- 
s(ial<' and poikr'ts ol w a r m  air , or I tid i v i dna I m ( an ( h a n g e  
the orienta I ion ol their' body to the substrat»! in order to 
maintain a slightly higher body température.
A visual comparison of the scatter diagrams and cor­
relation coefficients seems to show a higher degree of cor­
relation between cloacal temperature and substrate tempera­
ture than between cloacal temperature and air temperature.
A test of homogeneity for the two correlation coefficients 
■ was non-significant (Sokal and Rohlf, I969) and statisti­
cally we must reject the hypothesis that the r-values dif­
fer. Geckos are highly thigmotatic and are generally 
closely associated with the substrate, having at least the 
ventral surface of their bodies tightly pressed to it.
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Animals often wedge themselves in the juncture of wall and 
ceiling, thereby applying more body surface to the sub­
strate. For these reasons conduction from the substrate 
probably plays a greater part in determining cloacal tem­
perature than convection from the air (especially when 
nights are still). The higher correlation coefficient 
between substrate and cloacal temperatures is probably a 
real difference, and if greater sample sizes were used it 
would be significantly different from the cloacal-air cor­
relation coefficient.
Table 9 compares temperature data of seven diverse 
groups of diurnal lizards with tl. frenatus. The gecko has 
a much lower mean temperature than the others, and the 
lower limits of the ranges of six of the groups does not 
even include the mean of PI. frenatus. H. frenatus also 
has a much larger range and greater standard deviation 
than all but the Anolis. The differences in variability 
are even more striking if it is realized that data for a 
single species are being compared with data from groups 
composed of more than one species and even more than one 
genus. These differences are obviously directly related 
to the fact that nocturnal lizards have only limited thermo­
regulatory abilities and possibilities. Diurnal lizards 
can utilize radiant energy by basking to circumvent daily, 
monthly and seasonal temperature variations. The lack of 
a consistent and readily available external heat source
Table 9* Comparison of temperature data of seven groups of diurnal lizards with 
data from Hemidactylus frenatus.*
Group
Species Investigated 
No. Species in Group Mean (Range)
Standard
Deviation
Grotaphytus 2/5 38.1 (37.5-38.7) .72
Callisaurus-Uma-Holbrookia 3/7 38.5 (38.4-38.6) .10
Uta 2/10 35.9 (35.6-36.2) .18
Phrynosoraa 3/14 36.2 (34.9-36.9) 1.27
Cnemidophorus 4/18 40.7 (39.9-41.3 ) .37
Sceloporus •12/100 34.9 (32.9-36.9) 1.25
Anolis 5/250 31.3 (24.8-36.6) 3.54
Hemidactylus frenatus 1/76 28.4 (19.0-34.3) 3.19
* Data from Soule, 1963, except for Anolis and H. frenatus. Anolis data 
from Rubai, I961 and H. frenatus data from this paper.
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makes H. frenatus directly dependent upon variable ambient 
temperatures.
Literature dealing with temperature relations in noc­
turnal gekkonid lizards is very limited and much of the 
work has been done in thermal gradients (Licht et al,
1966a), and on heat resistance (Licht et al, 1966b). The 
sparse data dealing with animals in the field are restricted 
to a few reports of cloacal temperatures of geckos in their 
diurnal retreats (Bustar, 1967a; Brattstrom, I965; Licht 
et al, 1966a), and some cloacal temperatures taken from 
active nocturnal geckos (Brattstrom, 1965)» The work above 
has largely been done on gecko species from arid regions 
with relatively cool nights. The scarcity of information 
and the differences in methods and species makes compari­
son of the data directly to that of H. frenatus difficult. 
However, these data, combined with the results presented 
for H. frenatus, allow some generalizations and conclu­
sions to be made about nocturnal gecko thermal relations.
Nocturnal geckos usually have a low mean activity 
temperature, a wide activity range, and a great deal of 
variation around the mean. Body temperatures are closely 
correlated with air temperatures, but more closely with 
substrate temperatures. Body temperatures are usually 
slightly higher than environmental temperatures because 
of limited nocturnal thermoregulatory behavior.
Although commonly used, the term "mean preferred
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temperature" should not be used in nocturnal gecko thermal 
ecology because of the wide variation discussed above, and 
because temporal differences in preferred temperatures are 
reported (Bustard, 1967a). Optimum temperatures for noc­
turnal foraging are well below the optimum temperatures 
maintained in their diurnal retreats which are presumably 
conducive to digestive processes. The limited thermo­
regulatory ability of foraging geckos also indicates that 
it is not what the animal prefers, but what the environ­
ment provides, that is important to the gecko. The term 
"mean activity temperature" is substituted for "mean pre­
ferred temperature" because it seems to fit the unique 
thermal ecology of geckos.
Periodicity
Populations have complex widespread seasonal rhythms 
and many periodicities associated with their diel cycle. 
These population periodicities and rhythms are controlled 
by both environmental and physiological rhythms. An attempt 
was made to determine monthly and daily activity cycles in 
H. frenatus, and investigate possible environmental deter­
minants of these cycles.
Annual and monthly.--Annual activity could not be 
accurately resolved because of the short duration of the 
study, but some information was obtained from conversations 
with local people. It was established that active geckos 
can be found in every month, but activity in December,
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January, and February is restricted to warm days. Active 
geckos are said to be few in number during November, Decem­
ber, January and February, with numbers increasing to a 
high in May, June and July. Annual activity is probably 
largely controlled by temperature because the months of 
low gecko numbers are coolest and vice versa.
Activity changes over the three month study period 
were estimated by counts of geckos on the Main Building 
study area. The census was performed over a prescribed 
route at 10 PM on nearly every other night. The average 
daily number of H. frenatus censused was calculated for 
each week of the study. Fig. 11 plots these data with 
average weekly temperature data. Numbers of active geckos 
increased over the study period from l6 for the first week 
to 37 for the last. The increase was not perfectly linear 
but had periods of deceleration and acceleration. The 
lowest weekly average, of eight, was obtained for the 
second week (3/8-3/15), while the highest average number 
of 4$ was obtained for the next to last week (5/17-5/24).
Temperature is an obvious choice as an environmental 
determinant for monthly changes in gecko numbers, because 
it is known to be a controlling factor for many diurnal 
lizards (Blair, 196O; Tinkle, I967). Three measures of 
average weekly temperature are plotted in Fig. 11. The 
degree of correlation between all three weekly temperature 
averages and the average weekly number of geckos censused
Fig. 11. Average weekly number of Hemidactylus 
frenatus at daily 10 PM census compared to average weekly
temperature data. Ciudad Valles, S.L.P., Mexico, March-May ^
1969.
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is quite close. As temperatures rise the number of geckos 
counted usually increases, and if temperatures suffer a 
short decline, tho number of geckos censused also drops.
A drop in temperature apparently does not act immediately 
upon gecko activity, but is felt after a short delay.
The degree of correlation, between the average weekly 
low, and average weekly high temperatures, and the numbers 
of geckos censused, was determined by calculating the prod­
uct moment correlation coefficients. The r-values for 
average weekly high and low temperatures were 0.6695 and 
0.5427 respectively. The probability of the correlation 
was less than 0.01 in both cases, indicating a high corre- 
I a t i on.
A visual examination ol the correlation coefficients 
indicates that there is a higher degree of correlation be­
tween gecko activity, and the average weekly high, than 
between activity, and the average weekly low. A test of 
homogeneity for the two correlation coefficients was non­
significant so, on statistical terms, the hypothesis that 
the two r-values differ must be rejected.
High and low daily temperatures generally occur in 
the afternoon and early morning hours respectively (Fig. 3), 
The average weekly low is really an average taken during 
hours of gecko activity while the average high occurs when 
geckos are in their diurnal retreats. The closer correla­
tion between high temperatures and gecko activity indicates
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that the temperature during nocturnal houra is not as good 
a determinant of gecko activity as temperatures during 
diurnal hours. This was graphically illustrated during 
two days early in the study. On 4 March the lowest diurnal 
high temperature was recorded (17.8 C at 4:00 PM) and the 
nocturnal low was 13.9 0 (at 5:00 AM). Four geckos were 
censused on this night. The lowest nocturnal temperature 
occurred on 18 March (10.5 0 at 5 = 30 AM). The diurnal high 
for 18 March was 26.1 C (at 3:30 PM) and 11 geckos were 
counted. Although other factors no doubt play a part, it 
appears that diurnal high temperatures are important in 
determining gecko activity.
The rea sons for this apparent, le I a t i onshi p he tween 
diurnal t empe r.a t nr e s ami gecko <»ct ivity apptmr to he re­
lated to physiological processes and body temperature. It 
was pointed out, in the section on thermal ecology, that 
geckos generally have higher body temperatures in their 
diurnal retreats than they do during nocturnal foraging.
It has been suggested by Bustard (l96?a) that high diurnal 
temperatures are optimum for digestive processes. If 
diurnal temperatures are low, digestive processes may be 
greatly slowed, or cease entirely. This might act to re­
duce the stimulus for nocturnal foraging and result in 
fewer active geckos. High diurnal temperatures aid diges­
tion which might stimulate movement and nocturnal activity.
Annual and monthly activity cycles for nocturnal
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gockoa have been reported in tho literature, /»nd appear to 
bo related to environmental temperaturoM (huwtard, 1968a,
b). However, no quantitative work has boon reported with 
nocturnal tropical geckos.
Diel. - -i'he 24 hour activity cycle was estimated by 
hourly counts over tho Main Duilding porch census area.
One night in March, two in April, and two in May were 
chosen for study. Average hourly numbers of II. f retia t us 
t'or tho five nights are shown in Kig. 12. Ooc.ko activity 
increased rapidly from 6:00 to 7:00 PM and then dropped 
slightly until 10:00 PM when a secondary increase raised 
the numbers to a high at 1:00 AM (34). Gecko activity 
remained high from I : 00 f o 6:00 AM when i< dropped r/ipiidl y 
until 8:00 AM. During t he d.iy l ight hours geckos r tiiiiained 
hidden in cracks and crevices in the walls and ceilings 
of the hotel buildings.
The graph of gecko numbers does not go to zero because 
of the variation in time of emergence and retreat. A few 
animals came out of their diurnal retreats early and a few 
could always be found out after dawn. These individuals 
were always in regions with low light intensity near cracks 
or crevices. From 10:00 AM until 4:00 PM geckos were 
rarely seen, except on very dark days, or in the interior 
of the buildings.
The most probable environmental factor responsible 
for initiation and cessation of nocturnal activity is
Fig. 12. Average hourly census of Hemidac tylus frenatus 
and hours of light intensity less than one foot candle for 
five nights, Ciudad Valles, 5.L.P., Mexico, March-May 1969»
Vertical lines at ends of horizontal light intensity line -u
indicate the seasonal range of variation in hours of light 
intensity less than one foot candle.
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light. Other factors, such as temperature and humidity, 
change only slightly and slowly at the critical hours at 
dawn and dusk (Fig. ]), and probably play no part in deter­
mination of the limits of the activity period.
Fig. 12 shows hours of light intensity less than one 
foot candle for the five census nights. Gecko activity 
began before dusk, and increased rapidly at dusk, remaining 
high until slightly after dawn. The initiation of activity 
before dusk, and its maintenance slightly after dawn, is 
probably due largely to peculiar characteristics of the 
census area. The lizards on the Main Building porch were 
under cover, where light intensity was lower, than where 
intensity measurements were made. Although no quantitative 
data were recorded, geckos in more open habitats seemed to 
emerge later and to retreat earlier than those on the census 
area .
The reaction of li. frenatus to light is not a simple 
consistent photonegative response as is suggested by the 
previous statements. The animals seem to alter their reac­
tion to light from a photonegative to a photopositive one. 
Geckos avoid sunlight and attempt to escape from a flash­
light beam; however, numerous geckos were found in fairly 
well lighted regions of the hotel, and were even found 
feeding inside the fixtures of lighted porch lamps. The 
same individuals that would run from a flashlight beam were 
often caught, an hour or so later, inside a lighted porch
7 6
light. It appears that some sort of habituation allows 
the geckos to enjoy the advantages of good vision, warmth 
and abundant food provided by the porch lamps. Much more 
quantitative information is needed concerning short-term 
photic responses in these geckos.
Although light determines the limits of the activity 
period, other environmental factors such as rain, wind, 
and human activity have secondary effects on gecko activity. 
Human activity was generally high on the census area from 
9:00 to 11:00 PM due to arriving travelers and people 
going to and from late evening meals. By 11:00 PM human 
activity had usually declined, and remained low until 
morning. The level of human activity might be responsible 
for the drop in gecko numbers at the 10:00 PM census and 
the high level of gecko activity after 11:00 PM (Fig, 12), 
Wind and rain appeared to adversely affect gecko numbers.
On 7 April a strong thunder storm struck at approximately 
11:00 PM and heavy wind and rains lasted until 1:00 AM.
The porch census taken at 9:30 PM was 24 but after the 
storm the porch count was only eight. In less protected 
areas there was no gecko activity. The reasons for this 
reduced activity are unknown, but lowered temperatures due 
to the wind and rain might be an important factor.
In summary, long term periodicities in H, frenatus 
were probably largely controlled by temperature. Gecko 
activity increased over the study period and the increase
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was closely associated with rising temperatures. There 
is a greater correlation between the number of geckos 
active, and diurnal temperature, than between activity and 
nocturnal temperature. The diel rhythm showed that H, 
frenatus was almost exclusively nocturnal, and the environ­
mental determinate for initiation and cessation of activity 
was light. Nocturnal activity was reduced by factors such 
as human activity, wind, rain, and low temperature.
A number of authors have discussed the diel cycle of 
nocturnal geckos in a general sense (Bustard, 1968a,b;
Church and Chun-Sim, I96I; Heatwole, I966; Rose and Barbour, 
1968) but quantitative work has been infrequent. King 
(1959) determined the approximate nocturnal activity of 
Hemidac tylus turcicus in Florida. This activity was found 
to be greatest at about 9=00 PM and then decreased until 
all geckos had disappeared shortly before sunrise. Park 
(1938) worked on the activity cycle of a species of Theca- 
dactylus is a Panamanian rain forest. Activity in this 
species reached its peak shortly after sunset and then de­
creased until dawn, with a short increase in the early 
morning hours. Bustard (1967a) studied free-living and 
captive Gehyra variegata in Australia, and determined that 
the geckos had a peak activity in the hours immediately 
following sunset, which subsequently dropped off to a low 
at dawn. The above authors seem to agree that light is 
the environmental factor controlling the initiation and
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cessation of the activity period. However, temperature 
is suggested as a factor which determines changes in 
activity after dark.
The differences in nocturnal activity patterns between 
H. frenatus and other geckos studied are probably due to 
environmental differences. Gehyra variegata occurs in a 
semi-arid region with rapid reradiation and relatively 
cool nocturnal temperatures. Optimum temperatures occur 
shortly after dusk, followed by less favorable thermal 
conditions until dawn. Bustard (l96?a) states that these 
temperature factors are directly responsible for the pat­
tern of nocturanl activity in G^ . variegata. The same situ­
ation may exist in the case of H. turcicus in Florida; low 
early morning temperatures resulting in lessened gecko 
activity during these hours. Although tropical, Theca- 
dactylus is found in a quite different habitat from H. 
frenatus, and consequently the differences in nocturnal 
activity patterns are probably a result of the numerous 
ecological differences between the two species.
Habitat preference
The way in which an animal locates and or positions 
itself in the habitat is a complicated process. Responses 
to multiple environmental factors tend to keep animals in 
their so-called "preferred habitats". The present study 
describes some aspects of habitat preference in H. frenatus.
Distribution.— H. frenatus was abundant on the grounds
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of the Hotel Valles and in houses and stores in the north­
east part of the town. Although only a cursory investiga­
tion of its urban distribution was made, it appeared that 
the geckos were most abundant in well lighted areas, espe­
cially in the stores along the main highway.
Within the hotel grounds the geckos could be found on 
nearly every structure, including the stone walls around 
the periphery of the property. They were particularly 
numerous on the Main Building, the Dona Maria, and the 
home of Thomas Osuna (Fig. 4). Geckos were also observed 
on small isolated structures such as garden lamp posts and 
the swimming pool diving platform. Geckos occurred on 
some trees in the garden, but only small numbers were ob­
served. Trees harboring geckos were usually large, and 
were located on the periphery of the garden, or near build­
ings .
On any individual building, H. frenatus could be found 
in and on all parts of the structure. Lizards occurred 
on first and second story exterior walls, and on walls and 
ceilings of rooms and porches. On a given building abun­
dance varied from place to place with large accumulations 
in some areas.
In the Main Building geckos were particularly abundant 
in a number of places. The palm thatch roof of the dining 
room provided shelter for a large number of geckos. After 
dark these animals could be seen feeding near lights on
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the walls of the dining room. Large numbers were also 
found on the front porch study area. In daylight hours 
these animals remained within the numerous cracks and 
crannies in the ceilings and walls. At dusk they emerged 
to feed around the porch lights. Smaller accumulations 
of geckos occurred on certain well lighted walls that had 
adequate places of refuge nearby.
Dona Maria geckos were more evenly distributed than 
the Main Building animals, but a large accumulation was 
found on the upper west porch. This region was well 
lighted, had a high ceiling, and was in a quiet part of 
the building. Smaller concentrations of Dona Maria animals 
were also found near porch lights, and in the corners of 
the porches. These accumulations were generally associ­
ated with a crack or hole within which the geckos could 
seek shelter.
Perch site.— Table 10 shows perch heights of H. 
frenatus by sex and building. No significant sexual dif­
ferences in perch heights were found on either building.
The highest perch site was 4.9 m and the lowest 0.6 m.
Main Building perch sites averaged 2.75-0»82 m above floor 
level while Dona Maria perch sites averaged 3.410.725 m.
The means of the two buildings are significantly different 
at the P <C.001 level. Although the ranges were fairly 
large the variation between individuals on both buildings 
was small. In all cases the means were much closer to the
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Table 10. Perch height* (m) by sex and building of
Hemidac tylus frenatus from Ciudad Valles, S.L.P. , 
Mexico, March”  May 1969*
Building Sex Number Mean Range
Standard
Deviation
Main Male 98 2.8 0 .6 -3 .7 1 0.76
F emale 124 2.7 0 .6-3.7 1 0.87
Total 222 2.75 0 .6-3.7 1 0.82
Dona Maria Male 53 3.3 1.8-4.9 1 0.70
F emale 66 3.5 0.9-4.9 : 0.75
Total 119 3.4 0 .9-4 .9 1 0.725
'Estimated to the nearest l/lO m from floor level.
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upper limits of the ranges than to the lower limits. This 
indicates that H. frenatus is generally found high on 
walls or ceilings and is only rarely found near floor 
leve1.
Building differences in mean perch height seem to be 
closely related to differences in ceiling height. The 
ceiling on the Main Building porch varies from 3-7 m to
2.7 m in height while the Dona Maria ceiling varies from 
4.9 m to 3.7 m. The geckos apparently prefer porch sites 
very near tho ceilings and are found at greater heights 
when these heights are available. This was particuiarly 
noticeable on the upper west porch of the Dona Maria. The 
ceiling on this porch was a meter higher than adjacent 
arenas, and <i great (ir numb err oi geckos were found in this 
region.
There are three apparent advantages of high perch 
sites. First, the geckos are out of reach of most poten­
tial predators, including humans. Second, the microclimate 
near the ceiling has certain advantages, such as shelter 
from wind and rain, and higher temperatures (1 or 2 C) than 
floor level temperatures. Third, many insects enter the 
porches in response to light, and land high on ceilings 
and walls, providing an abundant food supply for the 
geckos.
The Main Building porch was chosen for study of sub­
strate preference because it provided the widest variety
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of substrate types. Numbers of geckos on various sub­
strate typos are enumerated in Table II. The largest num­
ber recorded wore on wood (83) with tho smallest number 
occurring on metal (l8). The number of geckos recorded on 
the various substrate types can bo compared with tho area 
covered by the substrate type to determine if geckos were
merely distributed in proportion to available area. Wood
2
covered approximately 167 m , and 83 lizards were recorded 
on this substrate type. Stone covered 346.8 m ^ , and only 
24 geckos were noted on this type of substrate. Glass 
made up only 3.7 m^, and yet 36 animals were recorded on 
this limited area. Thus it appears that the geckos tended 
not to be distributed in proportion to the substrate area, 
but showed real prel'erencos for certain substrates.
The substrate preferences are probably due to the 
texture and location of the preferred substrates. Wood 
makes up the ceiling of the porch, and a strip 20 cm wide 
along the top inner wall. The wood is rough and provides 
excellent purchase for locomotion. The inner and outer 
walls of the porch are constructed of stone and are rela­
tively smooth. Lizards were observed on the stone, but 
they appeared to be less active, and occasionally fell 
from this surface. The wood substrate, being at a greater 
height, also has the advantages of warmth, food and protec­
tion discussed for high perch sites.
The glass and metal substrates cover a small area and
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Table II. Number of Hemidactylua frenatus on various sub- 
strate types and area covered by substrate
types,* Ciudad 
May 1969.
Valles, S.L. P. , Mexico, March -
Subs tra t e
Approxima 10 
Area Covered by 
Substrate Type
Percent 
of Total Number
Percent 
of Total
Type (m2) Area of Geckos Number-
Wood 167.0 32. I 83 52
Stone 346.8 67.0 24 1 5
G Lass 3.7 0.7 36 22
Meta 1 0.9 0.2 18 L I
To t a 1 918.4 100.0 161 100
* Main Huilding porch study aie.»
Table 12. Number of male and female Hemidac tylus frenatus 
on vertical and horizontal surfaces, Ciudad 
Valles, S.L.P., Mexico, March - May 1969.
Vertical Horizontal
Male 
F emale 
Total
101
144
245
51
56
107
( M
rti'o res t l'ic t t»il largo l y t.o porch light. 1'i.x (.«iroa. l'ho advnti- 
t.rtgoa ot' t'ood rtnd wnrmth provided h y tho lighio make up l'or 
tho disadvantage» ol' smooth surt'aco and small area.
Orient a t i on ol' perch site substrate was i e c oi de d l'or 
3")2 captuj'os l'rom the Main Ihiilding and Doffa Mar/a (Table 
12). Sexual differences in orienta t, ion of perch site wore 
found to be non-signifiean I using a Chi-square iest of 
independence . A decided preference tor vertical snbs t. ra t. os 
appeared to be present, with 245 ot animals being re-
coi'ded on vortical surfaces. If no preforenco for orien­
tation of substrate existed, and the areas of tho two sur­
faces wore similar, we would expect equal numbers to bo 
recoided for veitical and horizontal. A (h i-sqna i<‘ good - 
ness of fit test was used to test, this 50:50 hypothesis, 
and a highly significant deviation from expected was ob­
tained (P <. 00 5 ) . i'he areas of vertical (walls) and hori­
zontal (ceilings) surfaces on the study areas are approxi­
mately equal. The data on perch heights showed that animals 
were found largely within a meter of the ceiling. Thus the 
utilized wall area was much smaller than the area of the 
ceiling, and yet the geckos show a definite preference for 
vertical surfaces.
The apparent reason for a vertical substrate preference 
in 11. frenatus is that such a surface offers better purchase. 
On a vertical surface the geckos are able to utilize the 
friction of their bodies against the substrate, as well as
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their modified digits, to keep them from sJipplng or falling. 
On a ceiling the only friction and grip is provided by the 
modified digits. Many geckos were observed on ceilings, 
and could move about on such a surface, but it appeared 
that these geckos were less active, and if chased, were 
more likely to fall. It is reasonable to assume that the 
geckos prefer the vertical (wall) substrate over the hori­
zontal (ceiling) substrate because much less energy is 
required to cling to, and move about on, such a surface.
The orientation of male and female geckos on vertical 
surfaces is enumerated in Table I3« The numbers of sta­
tionary animals in three positions were noted. A Chi- 
s<iuarti Lost ol' independence was used to <ompare the 1 re- 
cpictu'ies ol the two sexes in tlie three ca t egor i es ol 
orientation. A non-si gn i f ic a n t difference was found be­
tween the orientation of the sexes. The majority of ani­
mals were observed in a horizontal position (169) while 
nearly equal numbers were recorded with head up (2 3 ) and 
head down (24).
The significance of this preponderance of horizontal 
orientation is unknown, but two suggestions can be made. 
First, it is possible that the horizontal position provides 
some sort of advantage in clinging to the vertical sub­
strate. Second, the horizontal position allows the animals 
to situate themselves in the junction of the wall and 
ceiling where they can enjoy the advantages of warmth.
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height and concealment.
Table 13* Orientation of male and female Hemidactylus
frenatus on vertical surfaces. Ciudad Valles, 
S.L.P., Mexico, March - May I969.
Head Up Head Down Horizontal
Male 11 11 60
Female 12 13 109
Total 23 24 169
In summary, H. frenatus prefer large complex struc­
tures with some artificial light. Concentrations of animals 
occur in areas with adequate places of refuge, some artifi­
cial light, and low levels of human activity. Perch sites 
are generally high, on wood, and vertical. Height and ver­
tical orientation are the most important factors. Orien­
tation on vertical substrates is largely horizontal.
The literature concerned with gecko habitat preference 
deals primarily with diurnal geckos, but some work has been 
done on nocturnal geckos similar to H. frenatus. King 
(1959) and Rose and Barbour (1968) both mention that Hemi­
dactylus turcicus was found on walls of buildings, and 
that they took shelter in cracks and crevices. Church and 
Chun-Sim (1961) discussed the distribution of three species 
of gecko in Bandung, Java and found species differences 
related to light and humidity. Cosymbotus platyurus oc­
curred in well lighted dry areas near the center of the
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town, H. frenatus in well lighted damp residential areas, 
and Peropus mutilatus in dark areas throughout the town. 
Heatwole (1966) investigated factors affecting orientation 
and habitat selection in several tropical geckos. Using 
experimental methods he found that the nocturnal Thecadac- 
tylus rapicaudus and Hemidactylus brooki were photonegative 
while the diurnal Sphaerodactylus lineolatus and Gonatodes 
fuscus were photopositive. Heatwole also discovered that 
G. fuscus preferred vertical surfaces and utilized crevices. 
Much more quantitative work on habitat preference must be 
done before meaningful interspecific comparisons can be 
made.
Home range, movement and territory
Home range and m o v e m e n t -The area occupied by an 
animal throughout its life has been called home range. 
Studies on home range indicate the area necessary to sus­
tain an individual, and relationships of individual home 
ranges can provide insight into the social structure of a 
population.
Home range has been defined and studied in a number 
of ways. In the present study, the small number of cap­
tures for individual animals, and the nature and use of the 
habitat by H. frenatus makes conventional methods of home 
range study difficult. The usual minimum polygon method 
of home range determination requires at least three cap­
tures, however such data were available for only a few
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animals. Also, the points of capture of individuals were 
generally linear, being along the junction of the wall and 
ceiling. This use of the habitat did not facilitate the 
drawing of home range areas. To avoid these problems, it 
was decided to use average distance between captures as 
an estimate of home range size.
Average distance between successive captures reflects 
the frequency of movement and the relative area occupied 
by an animal (Tinkle, 1967). Tables l4 through 17 show 
the average distance between captures for individual H. 
frenatus by sex and building. The greatest distance be­
tween captures was l4.3 m, recorded for a male on the Doîïa 
Maria, and the smallest distance was zero, for a number of 
animals of both sexes on both buildings. The average 
distance between captures of Main Building animals was
2.7 i 2.14 m for males and 3.9 ± 2.74 m for females. The 
average distance between captures for DoKa Marfa males and
females was 7.2 ± 4.48 m and 3.8 ± 3.62 m. Main Building
females appeared to move further than males, while on the
Dona Marfa, the opposite seemed to be the case. If we
combine sexes for each building the Dona Marfa individuals 
averaged a greater distance per move than Main Building 
animals (5.5 to 3.3 m ) .
The differences between the means can be tested sta­
tistically using t-tests. The average distance between 
captures of Main Building males is statistically different
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Table l 4 . Average distance between captures for male
Hemidactylus frenatus on the Main Building,
Ciudad Valles, S.L.P., Mexico, March - May, 1969.
Individual
Avg. S-V 
Length (mm)
Times
Moved
Avg. Distance (m) 
Between Captures
Number
Captures
57 40 0 0 3
43 42 2 1.5 3
185 42 1 3.4 2
61 44 1 1.2 3
88 47 1 8.2 2
115 47 1 2.4 2
54 48 1 1.5 2
122 48 1 0.9 2
159 49 1 2.1 2
44 50 1 1.8 2
26 52 1 1.5 2
92 52 1 2.1 2
5 53 3 4.0 4
15 53 1 4.3 2
42 53 1 3.7 2
178 53 0 0 2
154 54 1 2.4 2
30 56 1 1.5 3
157 56 0 0 2
1 57 10 4.0 12
147 58 1 9.1 2
130 59 2 4.6 3
Average 50.6 1.5 2.7 2.7
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Table 15* Average distance between captures for female
Hemidactylus frenatus on the Main Building,
Ciudad Valles, S.L.P., Mexico, March - May, I969
Individual
■ Avg. S-rV 
Length (mm)
Times
Moved
Avg. Distance (m) 
Between Captures
Number
Captures
105 40 1 9.5 2
14 42 1 7.6 2
3 43 2 4.3 3
221 44 1 0.9 2
156 48 2 2.4 3
87 49 1 1.5 3
217 49 1 1.8 2
4 50 1 11.3 2
12 50 2 1.5 3
60 50 1 2.4 2
97 50 1 J . 2 2
10 51 3 1.8 5
13 51 1 6.7 2
150 51 2 1.5 3
163 51 1 5.2 2
20 52 2 2.4 3
7 53 2 3.4 3
8 53 1 1.5 3
151 53 1 2.7 2
31 54 2 7.9 4
65 54 5 5.5 4
68 54 1 2.1 4
Average 49.6 1.5 3.9 2.8
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Table l6. Average distance between captures for male
Hemidactylus frenatus on the Dona Maria,
Ciudad Valles, S.L.P., Mexico, March - May, I969
Individual
Avg. S-V 
Length (mm)
Times
Moved
Avg. Distance (m) 
Between Captures
Number
Captures
160 43 1 10.7 2
179 44 2 7.0 3
102 45 2 1.2 3
139 46 1 7.9 2
74 50 2 5.2 3
108 50 0 0 2
171 51 1 7.0 2
234 52 1 12.2 2
3 9 53 1 0.6 2
76 53 J J4.3 2
36 54 1 6.1 2
73 54 1 3.4 2
38 55 4 3.4 5
77 57 2 13.1 3
182 58 1 9.1 3
75 59 1 13.7 2
Average 51.5 1.4 7.2 2.5
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Table 17. Average distance between captures 1er 1‘omale
Hetnidac ty lus frenatus on the UoKa Marina, Ciudad
Valles, S.L.P., Mexico, March - May, I9 69 .
Individua 1
Avg. S-V 
Length (inrn)
Times
Moved
Avg. Distance (m) 
Between Captures
Number
Captures
172 43 1 3.1 2
35 44 1 10.4 2
135 45 2 1.8 4
l4o 47 1 0.9 2
49 49 1 10.7 2
85 50 2 1 .2 4
37 51 1 1.5 2
166 51 0 0 2
4? 53 1 1 .2 2
51 53 0 0 2
82 53 1 9.5 2
86 53 0 0 2
101 53 2 5.2 3
126 53 1 2.1 2
164 53 2 4.6 3
69 55 1 9.1 2
111 56 1 4.3 2
Average 50.7 1.0 3.8 2.9
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from (ho ovorogo of Don» Mmrfw mo I o M (P <.01 ), whi I o (.ho 
same comparison for fomalos is non-sign j ( i can ( . ilioro is 
a significant difference he tween the means of I. lie sexes on 
the UoPfa Marfa at the P<C.05 level. I'ho <liffor'erice he tween 
the means of I he sexes on the Main Hui l di tig is noti-signi f 1- 
c ant.
it is felt that the reosons for these differences in 
movement on the two buildings are related to population 
density and hahitat differences. It was pointed out that 
the complex environment of the Main h u i 1 ding porch supports 
more lizards than the relatively simple Dotfa Maria hahitat. 
The est ima ted density on the Main hull ding was over 6 times 
grca ( or (hari that on the Doff/» Maria. i’ho lugtwii' density ori 
t l ie  Main Hu il ding prohahly s e i '  v e s  t. o r e d n t ; e  mo v <anen I. s due 
to aggress i ve i n t ti ra c t i ons he tween indi v iiiua I s . liu; mules 
.are much mor<i aggressive than the females, and thus show the 
effect of the high density more graphically. This results 
in reduced movement in Main Building males compared to 
DoKa Maria males.
To determine if differences in movement were related
to gecko length the individuals in Tables l4 through 17
were divided into snout-vent length groups and inter group
comparisons of movement made. Table l8 compares the average
distance between captures of the three size groups for each
sex. Males showed an increase in average distance between
captures for each increase in size class while females did 
not.
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Table itt. Loti g t. h ol' 
oapt tifos.
li /,ui'<l compai oü to 
Data tT'oni Tables
tli. statu ts btstwetsn 
1 4 throtigh 17.
Samp 1o
S i /, c!
Avg. S-V 
Length (mm)
Avg. Meters 
De t Move
1 2 44.7 3.8
Ma I o s U 51.6 4.5
1 3 5(). 2 1. 4
13 45.6 4.3
K eina les 13 51.3 3.0
13 53.4 4.3
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InVrortso in mnvomnnt In rolntion In inci-nnso in ImUy 
longtli hrt« botui dnmonati'nl.od in othor I i ■/,«»• d a indi ns «uth 
na lho8t> by (1900), Tinklo ( I 90? ) * nnd Itnnd ( I 967 ) •
The an alndioa a t at) ahow Ibnt nil or I'omnloa roar li aoxual 
maturit y t hoy do not incroaao thoir movomont.a wit h inrroaa- 
i ng body longth. I'ho oont.inuod i nr * oaao in movomoni with 
incroaaing aizo in maloa could bo aaaociatod with incroaa- 
ing dominance and aggroasivenoaa. Lai gor male lizarda (oC
a apocioa) tend to be more aggroaaivo than amaI I maloa 
(C.C. Carpenter personal communication). Iricroasing aggres­
sion with increasing size allows ma les to increase their 
sphere of influence. Females aie iela t ively non-aggres- 
s i v t ' ,  a n d  i n c  r o a s t '  t h t v i r  m o v  e i nt n i  ( a o i i l  y a 1 i g l i  ( I y w i l l )  
l i l t  I Oi l  a t '  i n  s i z e  a 1'1 t ' r  r t ' a c h i n g  s t ' x u a  1 i i i a t u i i l y .
Although c onven t i ona1 home ranges could not be con- 
sti'ucted for most animals, a reast)nably accui.ate picture 
of home I'ange size was determined for a single individual 
(Numbei* l). Number one was a male that flequented the 
Main Building lobby. This animal was either observed or 
captured 12 times from 3 March to 21 May. Number one's 
movements were centered around a hole in the stucco high 
behind the main desk. From this retreat he ranged as far 
as 12.0 m, but the average distance between captures for 
10 moves was 4.0 m. A minimum home range was plotted for 
this animal by connecting the outside points of capture.
The resulting nearly rectangular area was approximately
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76 m*". Cockrum (1962) has pointed out thnt homo rongo
size determined in this way is usually less than the actual
home range size.
I'ho average distance between captures for individual 
number one falls between the average distances computed 
foi- males in Tables 14 and 16 . It is not known if the 
minimum homo range for number one is representative for 
all males in the popu1a t ion, but considering the accuracy 
of the movement data it is probably reasonably close to
an average male homo range.
Published data on movements are readily available for 
a number ol' lizards, but comparisons are difficult becauscî 
ol' (1 i I'I'cM'cMU'I'.s ill the I. c; cii n i uu(î s u.s<m1 to ga I. her data. In 
M on - gi'kkoii i <1N I'oporls ol average distança: between c:ai>tures 
of both sexes range from 2.1 m in LeioIopisma zelandica 
(Barwick, 1959) to 45 m in Cnemidophorus sox Iineatus (Fitch, 
1958). Home ranges for adults vary from 203 m“ in Hasi liseus 
vittatus (Hirth, I963) to 1219 m in Cnemidophorus tigris 
(Jorgenson and Tanner, 1963)« Reports in the literature 
have shown gecko movements to be restricted to small areas. 
Bustard (1968a) found that Gehyra variegata moved very 
little, and that animals generally remained on one tree.
The same was found to be true of two species of diurnal 
Lygodactylus studied by Greer (I967). Rose and Barbour 
(1968) found that individual Hemidactylus turcicus remained 
in rather limited areas, with a mean distance between
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captures of 3-7 m. Increased movement with increased size 
has not been previously reported in geckos, nor have home 
ranges been quantitatively determined.
Geckos appear to have much smaller home ranges and 
distances between captures than other lizards studied. Al­
though body size may have some effect on home range and 
movement (smaller species with a smaller home range and 
vice versa), the real reason for the relatively small home 
ranges and distances between captures of geckos is probably 
the high population densities in the complex environments 
inhabited by many geckos. High densities and intra­
specific aggression would serve to reduce movement in these 
populations. Work on non-gekkonid species with high popu­
lation densities should also show small home ranges and 
movements.
Territory.--Territories and territorial behavior have 
been described for a number of lizards. The adaptative 
significance of territoriality in some lizards has been 
discussed by Rand (196?)• Carpenter (1967) operationally 
defines territory as "an area that is aggressively defended 
against intrusion by others of the same species". An at­
tempt was made to determine if individual H. frenatus main­
tain territories.
Two methods in conjunction are generally employed to 
demonstrate the presence of territoriality in a population 
of lizards. The first method utilizes observation of
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marked individuals to determine the existence, size, and 
dynamics of territories. The second method involves a 
capture-recapture program which is used to map home ranges 
and to determine to what degree they overlap. From these 
data the size and dynamics of territories can often be 
determined. The second method could not be used in jd. 
frenatus due to the reasons stated in the previous section, 
and the results below were obtained solely by observation.
It was noted that adult females were highly tolerant 
of other geckos of both sexes. Females were often observed 
in groups of four or more, and with individuals only 
inches apart. Adult males, on the other hand, were toler­
ant of females and juveniles, but antagonistic toward other 
adult males. Aggressive interactions were observed between 
adult males, and males were rarely seen at the same time 
and place.
Sexual composition was determined for contiguous 
aggregations of geckos that could be collected over a short 
period of time. Two groups were collected in this manner. 
The first consisted of 13 animals which inhabited the upper 
stairwell of the Dona Maria, and the second was a 12 animal 
group on the east end of the Main Building porch. The 
dimensions of the areas frequented by each of these groups 
were approximately two by three meters. The Dofia Maria 
aggregation was collected on 29 March, and consisted of 
two adult males, one subadult male (under 50 mm snout-vent),
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seven adult females, and three subadult females (under 4$ mm 
snout-vent). The Main Building group, collected on 4 April, 
was composed of one adult male, two subadult males, 8 adult 
females, and one subadult female. These groups were proba­
bly atypical because of their relatively large size, but 
they corroborate the observations that adult males are more 
tolerant of females than they are of other adult males.
The Dona Maria group was particularly interesting to 
observe because it contained two adult males. The two 
males were often active at the same time, but they seemed 
to avoid each other. If one male was at one end of the 
stairwell ceiling, the other male would be found at the 
other end. The females and subadults moved freely over 
the ceiling, being associated first with one male and then 
with the other. The males also moved and exchanged posi­
tions on the ceiling, but they always remained at least a 
meter apart. No aggressive interactions were observed be­
tween the adult males, although both males engaged in low 
intensity aggressive encounters with subadult males.
Many adult males were marked and subsequently found 
to frequent particular areas of the buildings. Early in 
the study it was noticed that more than one adult male was 
often captured in the same area, and often in exactly the 
same location. Accurate long term records of this phenome­
non were impossible to keep because of difficulties in 
regular capture and marking, but some observations were
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made. It was noticed that males alternated in the use of 
an area. This was not a regular nightly rotation of males, 
but was a highly irregular alternation. An individual 
male might be observed in an area for five nights, and 
then be replaced for a night by another male. Or an 
animal might be observed for a week and then be replaced 
for one or two nights by another male. In all cases, one 
male was commonly found in a particular area, and was only 
replaced for a short time, at infrequent intervals, by 
another male. This type of behavior usually involved two 
males, but on at least one occasion three adult males alter­
nated.
An adult male (no. 76 ) that commonly frequented the 
upstairs northwest corner of the Dona Maria was replaced
by another male on 12 April. On this date, number 76 was
captured in the downstairs northwest corner of the Dona 
Maria, replacing a male that commonly frequented this loca­
tion. On 13 April the males were back in their usual loca­
tions. Male number 76 was displaced approximately 6 m 
vertically during the move. This was the only instance 
when the movement of a replaced male was followed, and it 
is not known if this is a common occurrence.
How the replacement is accomplished is not known, but 
it is possible that the occupancy of an area is determined 
by the male that gets there first. A male which has a 
nearby retreat will generally be found on a particular
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area, but if he is tardy in emerging another male may take 
over his area. This could force the replaced animal into 
an unfavorable area or into another male's area.
Many adult males did not appear to undergo this rota­
tion, and were always found in a specific location. Two 
adult males that frequented opposite ends of a wall on the 
Main Building stairwell could always be found in this area. 
These animals were observed a number of times and appeared 
to have well defined territories. Each individual's terri­
tory was centered around a crack in the plaster-board near 
the ceiling. These cracks were in opposite corners of the 
wall, about 9 m apart. Associated with each male was a 
number of females and subadults. All these animals fed 
around lights on the stairwell wall. The females and sub­
adults of each group intermingled extensively during forag­
ing, but marked animals were observed to return to their 
own side after feeding. The adult males also foraged on 
the wall but each remained on his own side and never went 
more than a half a meter past the center of the wall. The 
resulting territories had diameters of about 4 m. On the 
night of 15 May the two males were foraging near the center 
of the wall at the same time, and a high intensity aggres­
sive interaction ensued. At the end of the encounter, both 
males returned to their respective ends of the wall.
Territoriality in gekkonid lizards has been reported 
for numerous species. Most of these reports have been based
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solely on observations, such as the remark of Church and 
Chum-Sim (I96I) that individual H. frenatus "tend to exert 
territorial rights over their own particular areas". Quan­
titative work on territoriality has been done by Bustard 
(1968a,b) on two species of Australian geckos. He found 
that males defended territories which often contained two 
or more females. Greer (1967) obtained quantitative data 
on territoriality in two species of African Lygodactylus 
geckos. The males of these diurnal geckos were found to 
be highly territorial, while females were gregarious and 
found within male territories.
The observations in the present study, and the litera­
ture both demonstrate that territoriality is a strong force 
in gecko populations. In H. frena t us more than one type of 
territoriality seems to be present. Some males exhibit 
classic territoriality and defend a given area from con- 
specific males. Other individuals defend small areas around 
themselves. These territories are dynamic and move with the 
individual. The factors that determine the type of terri­
toriality exhibited by an adult male H. frenatus are un­
known. Other gecko species seem to demonstrate the classic 
type of territoriality, with one male defending a static 
area. The reasons for these intraspecies and species dif­
ferences in territorial behavior are not known.
Breeding structure
The breeding structure of the Ciudad Valles gecko
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population is suggested by the above data. The adult sex 
ratio is slightly biased in favor of females. Male H. 
frenatus are territorial and defend their territories 
against other males. Females are not territorial and are 
often found in groups within male territories.
Observations made on marked groups of lizards demon­
strated that male H. frenatus are polygamous. A group of 
marked geckos on the upper west porch of the DoAa Maria 
was under periodic observation for two months. This group 
consisted of one large male, two subadult males, four adult 
females, and two subadult females. The large male was 
observed to copulate or attempt copulation with all females 
in this group. On the night of 13 April the male success­
fully copulated with two females within a two hour period. 
The subadult males did not exhibit sexual behavior. Other 
groups showed similar sexual composition and behavior. The 
type of relationship exhibited by these groups of animals 
can be called a limited polygamous breeding structure be­
cause the territorial male had a large but limited number 
of potential mates. The advantages of such a system are 
discussed in the section on sex ratios.
There is little information in the literature dealing 
with breeding structure in lizard populations, but detailed 
studies that have been made indicate that facultative 
monogamy is common (Blair, I96O; Harris, 1964; Tinkle, 
1967). Work on geckos has also been limited, but polygamy
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is indicated by Bustard (i968a,b) who reported that the 
nocturnal Gehyra and Heteronotia males share their terri­
tories with one, and often more than one, female, Greer 
(1967) stated that diurnal Lygodactylus males share their 
territories with two or three females.
Breeding cycle
The breeding cycles of lizards in temperate areas are 
known to be governed by external stimuli. Temperature is 
usually considered the most important, with light, rainfall 
and food supply being of lesser importance. In the tropics 
the factors mentioned above are nearly uniform throughout 
the year. Such conditions should result in breeding cycles 
that differ from those in temperate areas.
I'ho brooding cyclo of II. f rona t us can bo determined 
fi'oin the litoratuxo and from limited field observations. 
Church (1962) reported that H. frenatus reproduce through­
out the year in Bandung, Java. He stated that this repro­
ductive constancy was apparently brought about by unchang­
ing climatic factors, day length and food supply. In Ciudad 
Valles geckos seem to be reproductively active whenever 
climatic conditions are favorable. During the three month 
field study all stages of the breeding cycle were observed; 
mating animals, gravid females and hatchlings. During a 
short visit in August all stages were again observed.
Two hard shelled eggs are laid, one from each oviduct 
(Church, 1962). Three clutches of two eggs each were laid
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by captive animal* between 4 April and 8 April, but none 
were hatched. The ogga averaged 8 by 11 mm in diameter 
at laying.
'I'ho eatimatod breeding cycle for jl. frenatuw ia aa 
foi Iowa: in Kobruary anima la emerge from thoir winter re-
treata aiiil territoria ii ty, male aggreaai on and mating begin. 
'I'hia activity continuea, with egg laying and hatching of 
young, until coid weather roturna in November or liecomber.
I'e r t i I i y,a t ion to hatching ro<iuiros about 8 wooka (Church, 
1962), so in the approximately nine month activity period 
at least throe broods per female would bo possible.
Studios of reproductive cycles in tropical geckos have 
been few in number. Mahondra (1938) states that the repro- 
tlucl iv<i cycle of Heiiii da i t y I vis f I avi rid is depends upon 
climatic conditions <»nd breeding tiu'»y continue Item i ebruary 
to October. Hose and Barbour (1968) studied II. t ur c icus 
in New Orleans, and found that the reproductive season 
extended from April to August, and that two or three 
clutches could be produced per season.
These studies, and the present work, indicate that 
the reproductive cycle and number of clutches in tropical 
geckos is closely correlated with climatic conditions. If 
conditions are suitable for activity, the animals breed 
and reproduce.
Feeding habits
No attempt was made to accurately determine food
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utilisation by H. t'rena t u a , but gonornl obetarvaliona woro 
made on food typea and feeding behavior.
H. frenatua apent a great deal of time feeding, and 
appeared to be an oppoi' tuni a tic feeder. Gecko a were ob- 
aerved feeding on amaiI dipteroua inaecta, motha, Ieaf- 
hoppera, damsei fiiea, roachea, and beet lea. The major 
food itema were moaquitoea and midgea which occurred in 
lai'ge numbera around the iighta. Geckoa avoided feeding 
on certain typea of inaecta, thereby demonatrating prey 
aeloctivity.
On three occaaiona counta were made of inaecta in- 
geated by individuala in a five minute period. The counta 
averaged 22 inaecta per five minutes. One of Iheae animais 
(an adult male) consumed 33 ama 1 1 diptert)ua iua«ic ta, two 
lea f hopper a , and a smai 1 moth in a five minuL<i period.
These feeding tat es did not appear in the least unusual 
for foraging animals. It ia obvious that feeding cannot 
continue at this rate for the entire night. Feeding ac­
tivity seemed to bo high for about two hours after sundown, 
and then dropped off to its lowest level in the hours 
before dawn.
One factor which is used by lizards to determine the 
type of food they will consume is the size of the food 
item. Generally a rather limited size range of food items 
exists for a particular type of lizard (Oliver, 1955).
H . frenatus is unusual in having an extremely wide size
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rrtngo ot' possible iood items. Not only did they feed on 
mosquitos, but n number of Inst.rtnt es we* e recorded of 
geckoa nttncking very large insects. An ndult male was 
observed on the wall of the Main lluil ding porch in a 
struggle with a 0 cm long oriental cockroach. 'I'he roach 
escaped. On a tt othor occasion a DolYa Marla I'oma I e stalked 
and grasped a very large moth ( liO cm wing span), which
took flight knocking the gecko to the I lo«)i . It is not
known i f t he geckos ever sue c eeded in subduing such I a r ge
prey, but this ludicrous behavior was common.
i'ho insectivorous nature of house geckos makes them 
ol' use to humanity. Miyamoto (19J0), in a study of Gecko 
jo pon icus aiiii lloiiiidac t y I us bow i i ng i i , found that. t,hes<i 
li/,arils consume as many as l^() to SO nios(|uitos da i ly. biiiiit.ed 
observa t i ons on food habits of II. frenatus indicat.t! that, 
these animals might also bo a very effective control on 
insect pests. The numbers of mosquitoes eaten by the entire 
Ciudad Valles population was probably quite large. The 
owner of the Hotel Valles (Tomas Osuna) was quite convinced 
that the geckos were a major reason for the low level of 
mosquito activity at the hotel. More work should be done 
to determine if these lizards are an effective biological 
control for insect pests.
Vision played a prominent role during feeding by II. 
frenatus, and is highly developed. Geckos were seen to 
ofient toward, and approach, a mosquito landing 3 m away.
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Animals were also observed watching the fJights of other 
small insects which were quickly and directly approached 
when they landed.
Two types of approach behavior to potential food items 
were observed, dependent upon the size of the food item.
The first, and most common method, was utilized on small 
prey and consisted of a rapid approach and a quick snap.
The second method was used on larger prey species and was 
more deliberate. The gecko approached rapidly at first, 
then slowed as it neared the prey. The last 10 cm wore 
traversed a step at a time, much like a cat stalking a 
bird. When within 3 or 4 cm a sudden snap was made. The 
lizard then would make violent wiping motions with its 
htîad , rubbing the pr<iy insect roughly over' the subst rate. 
I'ho insect was slowly swa 1 lowed with the aid of chewing 
movements. A vocalization occasionally (15 observations) 
followed large prey feeding.
The literature dealing with food and feeding habits 
of geckos is fairly extensive, but not very informative 
because of opportunistic feeding behavior, and variability 
of habitats and habits. Some published observations of 
gecko food habits are interesting because of their unusual 
nature. Church (1962) reported that Peropus mutilatus and 
. frenatus can feed on boiled rice, small pieces of fish, 
ground meat, sugar, honey, bread crumbs, and even milk. 
Greer (I967) stated that Lygodactylus geckos lick the
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viscous amber colored exudate of Acacia trees, and will 
also lick jams and jellies, with apricot being their 
favorite flavor. No such epicurean tastes were noticed in 
the Ciudad Valles geckos.
Locomotion
The remarkable ability of geckos to move with ease on 
walls and ceilings has interested naturalists for some time. 
Many authors have speculated on the mechanisms that make 
these feats possible. The work by Mahendra (l94l), and 
recent studies aided by the electron microscope (Gennaro, 
1969) have finally resolved the problem. The mechanism is 
apparently a combination of gripping by the claws, and 
gripping and suction by the subdigital lamellae. Observa­
tions of sonic factors involved in the locomotor behavior 
of . frenatus are discussed below.
The locomotor movements of the limbs of geckos on a 
wall or ceiling are similar to the movements of a quadruped 
walking dorsal side up on a horizontal surface. If we be­
gin with the right forefoot, the next leg to lift is always 
the hindfoot on the left side; this is followed by the left 
forefoot, and this in turn by the right hindfoot, after 
this the order is repeated. But postural differences be­
tween gecko locomotion and the locomotion of most other 
quadrupeds are marked. The sprawling posture of primitive 
land vertebrates has been modified by most land animals to 
raise the body off the ground. Most lizards lift their
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bodies from the substrate during locomotor movements, and 
as the speed of locomotion increases the lifting of the 
body becomes more pronounced. Many geckos have retained, 
or secondarily adopted, the sprawling posture of primitive 
land vertebrates, the body is kept close to the substrate 
even during high speed locomotor movements. The limbs 
extend out to the side of the body and much of their lower 
surface rests on the substrate. Associated with this 
sprawling posture are sinuous movements of the body during 
locomotion. This posture and movement is utilized on both 
walls and ceilings.
These locomotor characteristics seem to serve to in­
crease frictional contact with the substrate. The fric­
tional contact and the sinuous movements aid the animal in 
clinging to vertical surfaces. It is also possible that 
it provides some advantage in clinging upside down on ceil­
ings.
The agility of the animals is remarkable. H. frenatus 
can move both forward and backward on walls and ceilings 
with apparent ease, but both speed of movement and agility 
are less on ceilings than on walls. Harried animals are 
much more likely to lose their grip and fall when on ceil­
ings .
The nature of the substrate affects the locomotor 
abilities of the lizards. Locomotion is facilitated by 
rough surfaces such as stucco and wood. H . frenatus can
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move on smooth vertical glass surfaces, but will often 
slip downward if they remain stationary. The animals 
cannot cling upside down on a horizontal glass surface.
A gecko's ability to stick to a surface is greatly reduced 
if the surface is wet. Purchase can be retained on very 
rough wet surfaces, but smooth wet surfaces cannot be 
climbed.
Falls due to natural causes were uncommon but some 
were observed. Two falls attributable to aggressive en­
counters between males were noted. In each case one male 
was attacked, lost his grip, and fell. In both cases the 
fallen animal quickly regained the wall. Six falls were 
seen during feeding activities, one of which was described 
previously in the section on feeding. The falls either 
involved large prey items, which in attempting to escape 
dislodged the lizard (2 cases), or an overly enthusiastic 
rush and loss of grip by the gecko (4 cases). In all cases 
the lizards regained the wall and seemed no worse for the 
experience.
Eliminative behavior
Eliminative behavior was observed in both free-living 
and captive animals. Defecation in H. frenatus commonly 
occurred directly following emergence from diurnal retreats, 
and an individual generally had a favored spot for elimina­
tive behavior close to its place of refuge.
Defecation behavior in these geckos was similar to
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that found in iguanid lizards, but two slightly different 
types of behavior were observed depending upon orientation 
of the substrate. On ceilings, the hindlegs were spread 
and the hind quarters were slightly raised. The tail was 
shifted down and arched forward over the back of the lizard 
as elimination occurred (Fig. 13A). On vertical surfaces 
(walls) the behavior was similar, except that the tail was 
arched and shifted slightly to the side as defecation oc­
curred (Fig. 13B ) . On three occasions a faint call was 
uttered while the gecko was defecating. The significance 
of this call is not known, but further description and dis­
cussion will be found in Chapter V. Post-eliminative be­
havior was occasionally observed, and consisted of a wiping 
motion of the cloacal region over the substrate.
Escape behavior
No quantitative data were obtained on escape behavior, 
and the observations mentioned below were largely from the 
reaction of lizards to humans. Escape in H. frenatus gen­
erally consisted of three types of behavior: immobilizing
to escape detection, moving out of sight, and seeking per­
manent shelter. When caught, tail autotomy and vigorous 
struggling were utilized in an attempt to break free.
H. frenatus is not particularly cryptic with respect 
to the substrates on which it occurs. The lizard's ability 
to avoid detection is based on the area of the habitat it 
frequented (near the ceiling) and the poor light conditions.
114
S)
Fig. 13. Eliminative postures of Hemidactylus 
frenatus on ceiling (A) and on wall (B).
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The lizard's habit of occupying the junction between sur­
faces also makes detection difficult.
Geckos frequently froze if approached, flattening 
against the substrate. Under such conditions lizards would 
often allow the observer to approach as near as a meter or 
less. More frequently, the animal would slip quickly to 
the opposite side of a ceiling beam or some such obstruc­
tion and remain out of sight.
If harassed, the geckos seek shelter which was gener­
ally close by. Places of shelter consisted of holes or 
cracks in the substrate. These refuges were generally high 
on walls and ceilings near the areas frequented by the 
geckos. In the absence of suitable high refuges, animals 
utilized cracks nearer fjnor level. Some geckos on the 
Uofia Maria used the openings under room air-conditioners 
for retreats, and would move rapidly and directly down the 
wall to these places when pursued.
A few animals, on the walls and ceiling in the corners 
of the lower porch of the DoKa Maria, utilized large bushy 
potted plants for retreats. If one of these lizards was 
vigorously pursued, it would leap from the wall into the 
potted plant where it was impossible to find. This did not 
appear to be merely an accident, since it occurred nearly 
every time the animals were harassed. It is not difficult 
to see that this type of behavior could have been derived 
from successful escapes due to slips.
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Animals which lost their gr ip and ieI I , or were swept 
to the t'ioor in the process oi capture, nearly always landed 
dorsal side up. This cat-like ability was tested in captive 
animals. Geckos dropped I'rom a height ol live leet always 
landed dorsal side up, even if they were held ventraI side 
up when dropped. 'I'h i s abiiii.y, nf) doubt, proLec;ts the geckos 
from injury and facilitates rapid escape after a fall.
After striking the floor a fallen gecko would, after 
a short hesitation, dash quickly into a darkened area. The 
animals appeared to seek regions with dim light conditions.
If the lizard was not quickly found it would begin to ascend 
any convenient wail. The geckos were not content to remain 
dorsal side up on a horizontal surface.
At t(ir capture the gecko would usually wriggle vigor­
ously,, often shedding its tail during its struggles. biting 
was also used to assist escape, but it was very infrequent 
and of doubtful value against any conceivable predator.
Animal associates
Although many types of animals occurred on the grounds 
of the Hotel Valles, only those that might have affected the 
geckos will be discussed.
Two invertebrates were conspicuous co-inhabitants of 
the gecko's habitat. Oriental cockroaches were numerous on 
all the structures of the hotel grounds. These insects, in 
the early instars, were used as food by the geckos. An 
unidentified species of large (10 cm leg span), aboreal.
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hutilitig spidor wua uiao vory commun on the hoLol buildingM. 
This spidet' fod on the roaches, and on one occasion an 
attack on a hatchling gecko was observed. The spider 
rushed out oi a crack in the rock wall and attempted to 
grasp the hatchling. The lizard lost its grip and ioJi to 
the ii oor, thereby escaping the spider. i his observation, 
and the habitat and habits oi this spider, implicate it as 
a species predatory on II. irenatus.
The only reptile other than II. irenatus seen in the 
Hotel Valles study area was Sceloporus variabilis. A large 
number oi these lizards lived on the outer stone walls oi 
the buildings. Although their habitats were somewhat simi­
lar, no interactions between the noc t urnaI geckos and the 
(liurnal Si e I opo r ii s wi;r<; obsei ved.. Sc e I opo r us .ire highly 
insec L ivoj'us and are, no doubt, limited loo d competitor's 
oi the geckos. It is also possible that the two species 
feed on each other's young. However, such relationships 
are probably inirequent due to species diiferences in 24 
hour periodicity.
A large number of bird species occurred on the hotel 
grounds, but because of their diurnal habits, most had 
little effect on the geckos. An exception was the boat- 
tailed grackle, which was a possible predator of the geckos. 
Grackles were numerous on the grounds and would occasion­
ally forage close to the buildings. On a number of eve­
nings, grackles were observed on the Main Building porch
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fooding on insoct.8 trappod in poich lightn. (itukow wiilch 
frequented t hoae areas at this time t-ould also have beieri 
taken l>y t hose h i i d s .
Potential mamma I ian prodator.s cons i s tod of domestic 
cats and opossums. I ho cats wore the most ohv ions /in d sui’- 
coMsful pi oda tors ol the gecko popui/ition. On no/itly 
every night cats coulil he observed on /iiid around the hotel 
buildings. On many occasions cats were seen app/i r on t I y 
actively se/u'ching for I i /,a rd s. fho se /iniiii/ils would g/i/o 
intently at walls ami ceilings, stopping for /i mornont when 
they saw geckos. No actnal c/iptui’o of a gecko by /i cat 
was observed, but. on two occasions a cat wa s surfirisod 
while feeding on <i gecko. On /mot her occ/ision, /i muti­
lât cul gecko carc/i.ss w/is lOund on I lie; porc h. 'l ine c/il .s 
prob/ibly t/ik e geckos that happen to f/i I 1 or sLr/iy too low 
on the wal Is. Opossums were not observed to feed ori geckos, 
but being nocturnal, and common, they are also possible 
preda tors.
Social behavior
The social behavior of II. frenatus has been divided 
into three categories: courtship and copulation, aggres­
sion, and tail wag. The following data were obtained by 
observation and are largely descriptive.
Courtship and copulation.— Nine complete and 30 in­
complete courtship-copulation encounters were recorded 
during the three month study. The following description
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ia baaod on Iheao t)l)Morva L iotiM and gcnora I i/,«jn t,h« varia­
tion noted. I'lio «UC i'OMMt'u.1 mating Mocjiunuo iw»a l)oon «livtdod 
into I'ivo stages on the basis of male beha vi or : approach,
initial ho I tl , neck Ijo I d , c opu I a t i on , and post, copulation.
A p p r o a c h -Ma I os occasionally called before appioach- 
ing females, and this acoustic behavior will be discussed 
in Chapter V. Some males also performed a tail wag as they 
approached the f oma I o , liut this behavior w/>s rarely seen. 
More often males showed no apparent courtship beluivior but 
merely rushed the female and attempted to secure a hold. 
Fi'equently stationary males were closely approached by 
females and their proximity seemed to stimulate the males 
to make an appi'oach. The approach was a nonstop rush or 
lunge direct I y at the female with no sjjecial a s s o t i <> t (><1 
postuie (Fig. l4A). I'he appro.ach was over (juickly, usually 
lasting only a fraction of a second.
Initial hold.--The rush of the male generally culmi­
nated with a jaw hold on the loose skin of the posterior 
part of the female's body (Fig. l4B), but occasionally a 
neck hold was directly secured. After the initial hold was 
made the female struggled violently, thrashing her body back 
and forth until she jerked free; or she quivered violently
for a second or two before quieting. The initial hold was
sometimes made on one of the legs of the female and, in all 
cases of this sort, the female escaped. If the female moved
after quieting, she did so in a manner which brought her
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bond (.ç)w.U'cl t . h c i  nin 1 o * N  (nil ( F J j j ; .  1 ^ ( 1 1 ) .  I'hn dtitvt (. i on o('
( ho iiiiiirtl hold in nino iiin ( Ingw vnried ('t om 30 «cu oiuIm I o 
two ininul.oH, with n monii longih ol' oiio mitin(.<t 30 «<K,ojjd«.
Nook hold.--l(' nnd whon (ho I omn I o hocnmo (juiot, (.ho 
inn Io «hirtod hi« hold (oiwnrd townnd t ho nook, oCion hi(in# 
n( t'lnnk oi shouldut' on tho wny. AI (or ohtnining n nook 
hold (Fig. l4C) tho inn Io hrough( hi« body pnrnllol to tho 
I'oinnlo*», nnd noinol iinoa ornwlod Forward n Fow ntopa dragging 
tho Foinnlo. I'ahle l<) auminar i/.oa data on tho initial nnd 
Final positions ol tho inn I o * s grip on tho Foinalo, showing 
(ho pi'opondoranoo oF tho nock hold at copulation. 3'ho dura- 
(ion oF this stago For niiio matings averaged approximately 
one minute.
r.i I) 1 (' 1 ' ) .  I ’ o.s i ( i Dll () F Ilia I ' .s g r i p  o n  F e i i i a  1 e a  I i n i t i a l
hold and at copulation tor nine c oiiip 1 t; t, e d matings 
oF He mi da c ( y 1 us Freria tus.
Flank Shoulder- Neck
I n i t i a l  7 I I
Fi nal O 1 8
Copulation.--The male swung his hindleg nearest the 
female across her pelvic region, and slipped his tail under 
that of the female, opposing his vent to hers (Fig. 14D).
A hemipenis was inserted and insemination effected. Coitus 
duration for nine matings ranged from 5 to 20 minutes with 
a mean of 12 minutes.
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Fig. l4. Stages of mating (A-E) and aggressive 
posture of male (F) of Hemidactylus frenatus.
1 2 2
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Post copulation.--Uncoupling was rapid; the male moved 
slightly backward off the female. The female often initi­
ated uncoupling by struggling or moving. The male's back 
and tail were arched and the hemipenis still everted, after 
a moment the hemipenis was retracted and the back lowered. 
After uncoupling both sexes often turn and lick their clo­
acal regions for as long as a minute (Fig. 14E). Males 
also occasionally called after copulation.
Mechanisms of sex recognition in these geckos are not 
known, but it appears to be a matter of female response.
If a female is unwilling to mate she repulses her suitor 
by force. Often she will reach back and bite the male, 
and the animals will whirl around before the male lets go. 
If a male attempted to mate with a young male member of 
his group, a vigorous struggle ensued. Males would not 
quiet down, and these homosexual encounters always ended 
at the initial hold stage.
Courtship and copulation in non-gekkonid species of 
lizards is generally quite similar to that in H. frenatus.
A striking difference between the courtship of H. frenatus 
and that of many other species is found in the dependence 
in the former upon direct contact. Many lizards perform 
displays from a distance prior to mating (Carpenter, I 967). 
Involved in these displays are sexually dimorphic colors 
and movements. Male iguanids ..perform rapid shuddering 
movements of the head (courtship nods. Carpenter, I967).
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Diurnal geckos also utilize courtship displays prior to 
mating (Greer, I967; Kastle, 1964). In the nocturnal 
H. frenatus and Colenonyx variegatus (Greenberg, 1943) 
contact seems to be the first essential element in mating. 
In the diurnal forms, the male's courtship behavior gives 
the female ample opportunity to escape, and anoestrous 
females are able to evade the male. In H. frenatus and 
probably other nocturnal geckos, the non-receptive female 
must reject the male by force after contact.
Acoustic behavior may play a role in sexual behavior 
and is discussed in Chapters V and VI.
Tail w a g .— The tail wag is a slow sinuous movement 
of the tail used in asocial as well as social contexts. 
Young and adults of both sexes were observed performing 
tail wags while prey was stalked. All classes of geckos 
often utilized this behavior when they encountered another 
individual. Subordinate animals or social equals performed 
the tail wag more often than dominant animals. Dominant 
males only utilized this behavior upon meeting another 
large male, or prior to mating. Many times animals of both 
sexes were observed using the tail wag as they approached 
a large male. Ii all cases the tail wag appeared to occur 
at moments of high nervous tension.
The response to a tail wag was varied and appeared to 
depend upon the context in which it was given. The varied 
responses hinder any definite elucidation of the function
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of the tail wag. However, it appears that the wag may 
indicate submission, aggression and courtship.
The tail wag has been described for many lizards but 
in no case has a quantitative study been done to determine 
its significance.
Aggression.--Levels of aggression in il. frenatus 
varied with age and sex. Old males were the most aggres­
sive, followed by young males. Females were never observed 
to exhibit aggressive behavior. Adult males were aggres­
sive throughout their home ranges, although intensity of 
aggression was greater in certain areas.
H. frenatus were gregarious, living in small groups 
composed of one or occasionally two adult males, two or 
three adult females, and varying number's of juveniles of 
both sexes. Dominance hierarchies were not studied but in 
each group one male appeared to be dominant over all other 
animals in the group. In limited laboratory observations 
the same type of despotism was noted.
Numerous aggressive encounters were recorded in the 
field, and these have been divided into two types. The 
first type was of low intensity and made up nearly all of 
the aggressive behavior noted. The low intensity encounters 
generally involved a young male and an adult male. The 
young animal would approach a foraging or stationary male 
and the adult would make a quick rush, chasing the younger 
off. The stimulus for attack is not known, and young males
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were apparently attacked or not attacked indiscriminately. 
Some animals were allowed to pass close to the male without 
any aggressive response, while others wore attacked. No 
specific posture or display was associated with the low 
intensity encounters and they wore completed within a few 
seconds. The attack was very similar’ t a tho mating approach 
and occasionally resulted in a jaw hold by tho aggressor-.
The younger animal invariably escaped by wild thrashing. 
Occasionally (9 times) tlie attacked animal produced a 
single chirp vocalization ori being bitten. Some adult 
males were observed to engage in these short aggressive 
forays eight or 10 times in an hour.
The second type of aggressive encounter was infro- 
ciuontly observed and ol high intensity. Only 10 ol ttiesf; 
in t era c t ions were recorded, and all involved a pair of 
adult males. The first indication that such an encounter 
was imminent was the occurrence of an acoustic display by 
the resident male. In seven of the 10 encounters this call 
was answered by the non-resident. The resident then rushed 
toward the intruder, posturing as he came within a half 
meter. The intruder either turned tail and retreated (3 
times) or postured in return (7 times). In the aggressive 
posture the head was held low and the back and tail were 
strongly arched with the legs partly extended (Fig. l4F).
The posture appears to enhance the size of the individual. 
Posturing males positioned their bodies parallel to one
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dui J iig th« i nloi Mt ( i o n , nnd ori unLnd linnd-(,o-hnnd,
tin wt> I I nM In the hond-Lo-lnil " I'nt n-t>l T" , tltiMi t ilxnl ( or
ignnnid I i y,n rdn (Cnrptni t or , 1907). Wh i I o poMlnring L(io
nniiiinlH Mtrut.t o<| Mwll t ly ni onnd ono nnolhor ,. A ( I.or only n
t'ow m o c o i u Ih ono ol tho nn tngon iw tM (uMunl I y tho roHidont) 
gnvo nnolhor (pu to dirt'oront c/til, nnd I iiiitiod i n t o 1 y n t tnrkod. 
Tho roM tdon t nttomptoti to hi to, hut nMunlly tho o t ho! nnininl 
osrnpod nnd wns ihn«od lor n low iiiotor«. t)n ono f)c',o;iHion 
tho roaidont grnapod tho othor /uiiiiu»l hy tho l‘oroj<ig. Tho 
hitton nniiiinl atruggiod violently, hroko I'roo, nnd toll to 
tho Tiooi'. At tho t one i ua i on of n high in tonal ty one oun tor 
tho victorioua ma 1o may porform an aconatic diaplay aimilar 
to tho one givon at the beginning of the oncoun ter (9 of 
1 () 1 111 r a t t i on a J . 11 i gii iiitoiia i I y o n <o  un ( <! r a w <• r<; gon <; r n I I y
ahoi't, I a a ting loaa than a mlnul.c; I'rom fit at (all l.o laat 
ca I I .
Injur tea a a a t'oaul t of aggr'oaaion wore i ommon hut 
superficial. Scara were evident on males' sides from wounds 
inflicted by biting. Also many broken tails probably re­
sulted fi'om aggressive interactions. Serious injury as a 
direct result of fighting was probably rare, but animals 
knocked to the floor during encounters were, no doubt, sub­
ject to greater predation pressure.
Aggressive behavior in non-gekkonids has been exten­
sively studied. The early work by Nobel and Bradley (1933) 
has been followed by numerous field (Harris, 19&4; Rand,
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1967) rtud I rtborn tory (Cnrpont or, 1963; CInrk, 1969; llnrdy,
1962) studiea. Much of Ihla work hoa boon dear r i pt J.vo nnd 
hna concentrated on tho dlapLny bohnvior of thoao 1 fy.n: da.
Aggressive behavior in gekkonida has boon poorly attid­
ied and consists largely of commonta (Heobo, 1944; Church, 
1962; Kvans, 1936). A fow excellent studios have boon 
done, but these have do a I t with aggr-ossivo behavior in 
di urna I geckos. (Ireor (196?) dose r i bos tho aggressive 
behavior of two African species of l<ygodac t. y I us and Kast, lo 
(1964) describes tho behavior of ono spocios of I ygodaclylus 
and throe species of Phoiauma. No work has been found on 
aggi'ossivo behavior of tiocturnal geckos, except for’ the 
work of Gi'oonboi’g (1943 ) dealing with terres t r ia I Co I eonyx.
In all I i/(II (I failli I itîs st ndi oil aggrirs.sive Ixdiavior 
appears to be very similar. i'he behavior is loiiiposed of 
three par ts which may vary in their older- and importance; 
display, posture, and fight. The displays in diurnal liz­
ards may consist of colors, or movements, or both. Asso­
ciated with these displays are postures which may intensify 
the effect of the display. The above is true for diurnal 
geckos as well as for other families of diurna] lizards.
11. frenatus, and undoubtably other nocturnal geckos, 
possess the same facets of aggressive behavior as diurnal 
lizards, except that the display may be auditory rather 
than visual. The low light intensity precludes the use of 
color for display purposes, although presumably posture
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cnn i>o discernod. A dtîsci-ipl l.on ol tho colla ol j£. t'toiin tua 
la found in Chnpton V.
NocturnnI go c ko a di I for f rom iiioa t dl ni no I li/.onla in 
thoii opporont look of fomolo oggroaaion (proaiuit atiidy 
ond tîi'oonborg , l‘)^i3)- lu non-gokkon i da f oino I o oggi oaa i on
ho a boon rt'portod in o numbor ol a tud i oa (Coi|nuitor, I ; 
Horria, l ; i'inklo, !‘)b7). lu d i urno I gokkonida fomolo 
oggrossion is o I so found (lirooi-, l^b?; Ko silo, I‘>()^l ) . I ho 
look of oggrossion exhibited by fomolo l^ , f t'ono tus moy bo 
osaoc io t od with tho lock of courtship in thoso onimola.
I'ho mo I o does not lowor the fomolo'a rosis tonco by court­
ship oclivitios but moi-ely forces his fovoi s on tho female. 
Dominnnce of mo Io over fomole is os son t ioI to mating in 
those li/.ards, ami female aggression would In; an int<;r- 
fering factor.
CHAPTER V 
ACOUSTIC UEIIAVIOR 
in troduc ti on
U i <) - A( ou.s I i c; H is a MriontifJ.c diwcipiiru! which has 
ttiadt? cn () I moil s sttidc.s dut ing I ho pn.s(, doc ft do . Work hfJ« 
boon doiio oti a wido vuriot.y of animai iypoM with ft pro- 
pondct aitco b<'i nyt; in ft f t h t'opoda ft n d vor iobfft ioa . Within 
tho vortobrft to.s tlio majority of tho in voa t igft t ion a ha vo
do;» 1 < with foot j^ rotip.s; I'iah, ftmphi bian a , bitfla, find tnfim-
iiia la. The I» I I «II a ( i c 1 ) < ' li. i v I o f of r <> p (, i I (» a , ho wc v or , It;» a
roct'ivofl little atiidy.
Soitnd ptoduciiiK mochftniama ftro ftbsont in moat roptilo 
spocioa, ittil. otctir in at Icaat some member a of tho four 
surviving Ordftra. Vocalization has been reported in asso­
ciation with reproductive activities of various turtles, 
but its significance is not known (Auffenberg, 1965* 
DeSola, 1930; Evans, I 961; Pope, 1946). Vocalization in 
the Crocodilia is common and is thought to be involved 
with territoriality and courtship (Evans, 1961; Mcllhenny, 
1935). Snakes produce sounds by rattling, stridulating 
and glottal hissing that are thought to be largely warning 
signals (Blair, I968). Sound production is lacking, or is
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limited to hissing in most groups of lizards, but a few 
can produce distinct vocalizations. The family Gekkonidae 
is noted for its vocal abilities. A few other lizards 
such as the leopard lizard (Crotaphytus wislizenii) do 
have distinct calls (Wever et al., I966). Except for the 
geckos, and possibly the few rare examples such as the 
leopard lizard, vocalization seems to be of little signifi­
cance in communication among lizards.
The significance of gecko sounds has been a source 
of controversy and speculation for years. Many early field 
observations are suggestive, but most statements remain 
unsupported by conclusive evidence. Functional suggestions 
for the call range from attraction of insects (Beebe, 1944) 
to the more plausible suggestion that the call functions 
in social behavior (Brain, 1962; Evans, 1936; Mertens,
1955; Petzold, 1965; Wever et al., 1963a). Evans (1936) 
was one of the first to state that a species of gecko was 
able to make more than one type of sound, but no functional 
classification of the calls of a gecko species has been 
published.
Reviews of investigations with anuran amphibians 
(Blair, I968), birds (Marier, I960), and mammals (Tembrock,
1963) have shown that most species produce vocalizations 
which serve species-specific functions. The recent work 
with visual displays of iguanid and agamid lizards (Carpen­
ter, 1967; Ferguson, 1969; Jenssen, 1969) demonstrates the
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importance of this behavior in the social activities of 
the species, and indicates that such behavior may be a 
useful tool in taxonomic studies.
The auditory sensitivity of gecko ears has been stud­
ied by Wever and his co-workers at Princeton (see Chapt.
VI for discussion). However, the acoustic behavior of 
geckos remains virtually unknown, in spite of the common 
knowledge of its existence, and the sti~ong precedents for 
acoustic study from other vertebrates.
In the present work the description and analysis of 
the vocalizations and acoustic behavior of H. frenatus are 
presented and discussed. The possible species-specific 
nature of the calls is also suggested.
Methods and Materials 
Observations were made on marked animals of both 
sexes, and the types of calls noted as well as the con­
texts within which they were given. Gecko calls were 
counted for an hour at sundown on nearly every other night, 
and on five nights hourly call counts were made from sun­
down to sunrise.
Vocalizations were recorded with a Uher 4000 Report-L 
tape recorder, having a frequency response of 40-20,000 Hz, 
a signal-to-noise ratio of 55 db., and WOW and flutter 
i 0.15% r.m.s. @ 3 3/4 i.p.s. A Sennheiser cardioid micro­
phone with built-in windscreen and frequency response of 
70 to l4,000 Hz was used in conjunction with a 24 inch
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diameter parabolic reflector. Graphic analysis of the 
calls was accomplished with a Kay model 7029A sonagraph.
It has been pointed out (Watkins, I967) that the 
sonagraph is not infallible, and that frequency interpre­
tations derived from sonagrams are subject to error. The 
frequency interpretations in this paper should be considered 
tentative until corroborated by other means of analysis.
The method of recording was dictated by the habits of 
the geckos. Early in the study it was discovered that re­
cordings of the calls of visible animals would be difficult 
to obtain. Animals in well lighted areas, applicable to 
observation, rarely called and if they did call, it was 
from a secluded location. Also the frequency of calls 
from any one individual was low and unpredictable. In 
order to obtain sufficient calls for description and analy­
sis, it was necessary to record unidentified and unseen 
geckos. Three separate recording sites were used, two on 
the Main Building and one on the Dona Maria. The parabolic 
reflector was pointed in a different direction at each re­
cording site in an attempt to increase the number of indi­
viduals recorded. The recording sites were rotated and 
recordings made on nearly every other night. The time of 
recording varied and nearly all hours of the night were 
included, but most recordings were made during the two 
hours following sunset.
A few recordings were made of identified free-living
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geckos and of captive animals. Captive H. frenatus were 
kept in small (30/30/90 cm) wire mesh cages and were re­
corded without the use of a parabolic reflector.
Work involving species other than H. frenatus was 
done with captive animals at the Animal Behavior Labora­
tory of the University of Oklahoma. The methods of re­
cording and analysis were the same as those described for 
H . frenatus.
All bio-acoustic terminology utilized in this work 
follows that suggested by Broughton (1963).
Results and Discussion 
Contextual observations and recordings of vocaliza­
tions demonstrated at least three functionally and physi­
cally distinct types of calls. These will be considered, 
more or less, in their order of importance,.
Multiple chirp call
The most commonly heard vocalizations of H. frenatus 
were the multiple chirp (MC) calls. Over 300 of these 
calls were recorded during the three month study period. 
This call was given by adults of both sexes, but much more 
frequently by males. Dominant males of a group were espe­
cially vocal, and most of the data and discussion are de­
rived from MG calls of these animals. Geckos of less than 
45 mm in snout-vent length were not observed to utter the 
MC call; it is possible, however, that they have the abil­
ity to do so.
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Although these calls were quite numerous it was ex­
tremely difficult to observe an animal in the process of 
calling. The geckos often called from a secluded spot, 
and this, plus the short duration of the call, and the 
lack of associated vigorous body movements, made calling 
individuals difficult to locate. The animals called with 
their mouths nearly closed, and the only evidence that a 
call was being emitted was a slight rocking motion in time 
with the chirps.
Context.--The contexts within which the MG call was 
given were varied. The call may be uttered with no apparent 
stimulus by solitary animals or by both wild and captive 
animals within a group. After emergence from their diurnal 
retreats, geckos commonly called before moving to their 
feeding areas.
The calls that appeared to have no associated stimulus 
might have been the result of an allelomimetic effect. It 
was observed that captive geckos could occasionally be 
stimulated to call by the playing of a recorded call near 
their cage. Free-living geckos also appeared to answer 
the calls of other geckos, but this was impossible to veri­
fy, except in specific situations, due to the large numbers 
of calling animals.
The MG call was also commonly given at the conclusion 
of various activities. On three occasions a very low 
intensity call was heard after eliminative behavior. The
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call was occasionally performed after successful feeding 
(15 times) and after many matings (1? observations). Nine 
of the 10 high intensity aggressive encounters were con­
cluded with a MC call by the victorious male.
Males often emitted the MC call when sighting an alien 
male at a distance. The distance was highly variable, but 
a call was more likely if the distance between the geckos 
was small. The gecko at which the call was directed occa­
sionally answered with a MC call (6 times). Calling between 
aggressive males was observed 25 times and was followed by 
high intensity aggressive encounters 10 times. Males were 
not observed to direct a MC call to another male in their 
group. In 8 of 30 courtship-copulation encounters observed 
males uttered the MC call prior to approaching the female.
On no occasion did a male direct a MC call to a juvenile.
Females were observed to use the MC call with no ap­
parent stimulus three times, and by one female when ap­
proached by another female. A captive female gave the MC 
call in response to a recorded male call on three occasions, 
but numerous other females failed to respond to the same 
call.
The variable contexts within which the MC call is 
given make functional interpretations difficult. ; For the 
most part the call occurs when the animal is in an excited 
state, especially in social situations. The extensive use 
of the call by males in apparent territorial disputes ties
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the MC call rather closely with agonistic behavior. The 
call appears to act as a warning to other geckos to keep
their distance. As a by-product of this function, the
call could also act as an attractant to females.
Much more work must be done to elucidate the vocal
repertory of other species of geckos before accurate call 
comparisons can be drawn between species. However, it 
appears that most of the calls mentioned in the literature 
are similar in context to the MC call of H. frenatus 
(Beebe, 1944; Brain, 1962; Evans, 1936; Loveridge, 194?; 
Mertens, 1955; Petzold, 1965; Schmidt and Inger, 1957), 
and are also probably involved in agonistic behavior and 
territoriality.
Description.--The intensity (i.e. loudness) of the 
multiple chirp call was variable, and seemed to depend 
upon the context and level of excitement of the calling 
individual. The call given after elimination was of a 
very low intensity and could barely be heard two meters 
away. Other MC calls were always easily audible from 
nearly 150 m distant. Calls directed at other males were 
always the loudest, being audible from over I50 m away.
The MC call of H. frenatus is composed of a series of 
chirps; "gack-i-gack-S-gack" ; suggestive of the barking of a 
very small dog. Figure I5 shows sonagrams of MC calls 
from three different adult male geckos. Figure I5B is a 
sonagram of a recording made of a captive animal and is
Fig. 15- Sonagrams of the multiple chirp (MC) call of 
three adult male Hemidac tylus frena tus recorded in Ciudad 
Valles, S.L.P., Mexico 19&9.
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completely free of bmckgromid iiolso. i' igiu’os I 5A etid C 
nre aoomgimma of the cells of free-living gockos end show 
attendent heckground noise between the chirps. i'he doniinnnl. 
frequency of each chirp ranges from l|300 to nearly 2100 11/ 
with harmonics at epp* oximete ly 2000 11/ ini.ervais above 
the dominant. Most of the sound energy is in tlm first 
two or three harmonic s . In the first chirp of the c el Is 
the dominant frequency appears to rise from IlOO to 2000 11/ 
and then drop beck to 1100 H/. in the subsequent chirps 
the pitch descends from 2000 to 1500 11/. The frecjuency 
range shown in fig. 15 is from below i 000 to over 8000 11/, 
end further sonographic analysis shows harmonics that reach 
frequencies of over l4,000 Hz. The three sonagrams shown 
in I'ig. 11 a r e  v ct y s i m i l a r  in th<iii p i i y  s i ( I a s p e i  I s a s  
were ai 1 the caI Is graphed.
Statistics of three parameters of the MC calI are 
shown in Table 20. i'he number of chirps per cal 1 averaged 
approximately nine, with a range of 5 to 1 5 « I'he number 
of chirps per call varied with each vocalization of an 
individual, and seemed to be related to intensity of stimu­
lation for the call. The duration of the call averaged 
approximately two seconds and also probably varied with 
emotional state as well as with temperature. The mean 
call rate was 4.51 Ï 0.68 chirps per second, and varied in 
response to temperature.
I 4 ]
I'rtble 20. Strttistli-nl ovrtlHfUlon i>l' t ho nunihoi oC thiipM, 
diu'rtl loti, ond ro ( o o(' l43 llomidoc ( y I uw l‘t oim t.UM 
multiple I hit p coIIm roiordod « t L Ludod Vo I 1om , 
S.L.P., Mexico, Morch-Mny
Number 
of Chirps
Duration of Call 
in Seconds
Rale in 
Chirps per Second
Range 9 - 1 9 I.09 - 3.73 3.12 - 9.82
Mean 8.78 I .97 4.91
St nndai'd 
Deviation I .79 0.48 0.68
Effect of teinporature on cail.--Kia. I 3 ehowa two 
colls (A and II) recorded at approximately the same tempera­
ture (29 C), and one (C) recorded at a higher temperatuie 
(27 f ). Call C has a gieater numher of chirps per u n i I - 
time, and p<uallel with tlii s inctu'ase ther»' is a i edui I ion 
in duration of (he chirps a n d pauses. I'ig. I () plots c a 1 1 
ra tes against air temperatures at the time of the call.
Air temperatures were taken from hygrothermogrnph records 
and give only an approximation of the temperature at the 
calling site of the lizard. In spite of this inaccuracy 
it is obvious that call rates increase with an increase in 
temperature.
A regression analysis was performed on the data and 
a regression line drawn (Fig. l6). A highly significant 
(P <.00l) positive correlation exists between calling rate 
and temperature as determined by an F test for regression. 
The call rate in this temperature range may be calculated
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Fig. l6. Relationship of rate of multiple chirp call 
(expressed in chirps per second) and air temperature with 
calculated regression line for l43 Hemidactylus frenatus 
calls recorded at Ciudad Valles, S.L.P., Mexico, March-May
1969.
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through the use of the formula y = 0.17% - 0.04 where y is 
an estimate of the number of chirps per second and x the 
air temperature in centigrade degrees.
The fact that the rate of a call increases with higher 
temperatures is not surprising in light of the many studies 
on rates of biological processes at varying temperatures. 
Call rates of insects (review by Fringe and Frings, I962) 
and of anuran amphibians (Blair, 1963) have been shown to 
increase with increase with increasing temperature. In 
anurans it has also been demonstrated that the dominant 
frequency increases slightly with temperature (Blair, 1958). 
The dominant frequency may also increase with temperature 
in gecko calls, but the data are insufficient for accurate 
analysis.
The effects of temperature on the auditory sensitivity 
of lizards has been studied by Campbell (I969). He found 
the greatest auditory sensitivity within the range of pre­
ferred body temperatures. The two geckos studied by 
Campbell (Coleonyx variegatus and Gecko gecko) both have 
their highest auditory sensitivity at the upper end of 
their activity temperature range. The wide activity tem­
perature range of H. frena tus would seem to require audi­
tory sensitivity over a wide range. More work is needed 
to determine the effects of temperature on gecko audition 
and vocalization.
Temporal pattern.--The $4 clearest sonagrams were
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chosen, and individual chirps and pauses were timed to the 
nearest 0.01 of a second and estimated to the nearest 0.001 
of a second for seven chirp-pause units. Chirps varied in 
duration from a mean of 0.045 Ï 0.009 seconds in the first 
unit to a mean of 0.022 i 0.008 seconds in the seventh 
unit. A standard deviation of less than ± 0.05 for all 
seven chirps and pauses indicates a high degree of con­
stancy .
The timings of chirps and pauses, and the sonagrams 
in Fig. 15, indicate that a temporal pattern exists in the 
MC call. The duration of each individual chirp and pause 
appears to shorten as the call progresses. To show this 
temporal pattern, and to determine if other patterns exist, 
the timings of the chirps and pauses obtained for the 54 
calls were expressed as a percentage of the total time for 
the seven units. Expressing the timings in this way re­
duced variation due to the temperature effects discussed 
previously.
Fig. 17 shows ranges, means, standard deviations and 
95% confidence limits for each chirp and pause. The chirps 
and pauses obviously shorten with each additional unit. 
Using the 95% confidence limit overlap test it can be seen 
that a significant difference exists between the means of 
early and late parts of the call. The standard deviations 
indicate that both chirps and pauses become less variable 
as the call progresses, but this is probably a reflection
Fig. 17. Duration of chirps and pauses of the multiple 
chirp call of Hemidactylus frenatus (expressed as a percent 
of total call) from Ciudad Valles, S.L.P., Mexico, March-
May 1969. Horizontal lines show observed ranges; rectangles ^
mark standard deviation with solid black indicating 95% 
confidence intervals for the means. The means are indicated 
by vertical lines, and the number of records for each chirp 
and pause is shown in parenthesis.
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of the difficulty in accurate measurement of the shorter 
time intervals. The temporal pattern shown in Fig. 17 was 
noticeable in all graphed calls.
Calling periodicity.--The average daily number of MC 
calls counted for one hour at dusk was calculated for each 
week of the study. The call data are plotted with average 
weekly number of geckos at daily 10 PM census in Fig. I8 . 
Average daily call counts per week increased over the study 
period from 27 in the first week of March to 42 in the 
last week of May. The highest weekly average was 49 in 
early April and the lowest was 11 in early March. The 
average number of geckos censused was closely correlated 
to the average number of calls counted, but the former is 
generally a lower number. This is expected since the gecko 
census was taken over a small area while all audible calls 
were counted.
In Chapter IV it was demonstrated that the average 
weekly number, of geckos censused per day, was closely 
correlated with environmental temperatures (Fig. 11).
Since the average weekly number of calls is closely cor­
related with average number of geckos censused it is appar­
ent that temperature determines call numbers by controlling 
activity. Early in the study temperatures were low, few 
geckos were out, and calls were correspondingly scarce.
Later in the study temperatures rose, with a concurrent 
rise in active geckos and vocalizations. Disproportionately
Fig. 18. Mean weekly number of multiple chirp calls 
of Hemidactylus frenatus counted daily in one hour at
dusk, compared to mean daily number of geckos censused ui
per week. Ciudad Valles, S.L.P., Mexico, March-May 1969. ®
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large differences between cal l nutnboi a and geckos consumed, 
such as those during early April, might bo due to physio­
logical factors, but this could not be determined in such 
a short term study.
Twenty-four hour calling periodicity was determined 
by hourly counts on five nights; March 28, April 8 and 21, 
and May 1 and 21. Average hourly call counts and gecko 
counts (porch census area) are plotted with hours of 
light intensity loss than one foot candle in l*'ig. 11.
Calls increased from an average of 19 per hour from 0:00 
to 7:00 PM to a high of 89 per hour from 3:00 to 4:00 AM, 
and then dropped to a low of seven calls at dawn.
As in weekly periodicity i. he a ve r a ge number o( c aj is 
peI hour is (orr e 1 a ted with the .iv<;t a g f ;  number of ge< kos 
censused. Again the difference between the number ol 
calls and the number of geckos censused is due to a I I the 
audible calls being counted, while only the geckos in a 
confined area are cenSused. The limits of vocal activity 
are apparently determined by light intensity, with few 
calls occurring during daylight hours.
The average number of calls is closely correlated 
with the numbers of geckos censused, except for the period 
from 2:00 to 5:00 AM when calling apparently increases 
without a similar increase in gecko numbers. The reason 
for this incongruity is not known, but it is possibly 
related to the lack of human activity at this time of
Fig. 19. Mean number of multiple chirp calls of 
Hemidac tylus frenatus per hour, mean hourly gecko census, 
and hours of light intensity less than one foot candle for 
five nights. Ciudad Valles, S.L.P., Mexico, March-May I969. UIU9
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night. It WOM nnticod that captive anima I a do no t call if 
people are moving about in the vicinity of theii cage, and 
free-living geckos in areas of low human activity seemed 
to call more than those in areas of high activity.
Other factors such as wind and rain acted to decrease 
both gecko and call numbers.
Throe authors have mentioned die I calling periodicity 
in nocturnal geckos. brain (19^)2) states that Ptenopus 
garrulus calls in the late afternoon, with a maximum at 
sundown and the calls die away as darkness fal Is. Lovera ge 
(1947), also working with Ptenopus garrulus, men t ions that 
the vocalizations only occur during a brief interval at 
twilight. üvans (1936) studied (lymnodac t y I us knt schy i 
and found that tal 1 ing f rei|uen( y i ne r<?a s (><1 in the " v < n 1 i n g 
as the animals fed. None of 1 he se a u( hor s gi vfcs numerical 
data to substantiate these statements. The differences 
between these geckos and H. frena tus might be due to actual 
specific differences in calling periodicity, or merely to 
a lack of detailed study by these investigators.
Churr call
The churr call is an infrequently heard vocalization 
of H. frenatus that is closely associated with aggressive 
interactions. Twenty-three of these calls were heard dur­
ing the three month study period, only 10 of which were 
produced by geckos under observation.
Context.--The context of the churr call was highly
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specific. All 10 churrs were uttered by adult males during 
high intensity aggressive encounters. One of the antago­
nists (usually the resident) utilized this vocalization 
immediately prior to attacking the other animal. In all 
cases the animals were within one meter of each other, 
and were posturing vigorously previous to the production 
of the call. Often the call appeared to be completed 
while the male was lunging toward his adversary. The 
movements were very rapid and the call short, but it ap­
peared that the mouth was kept open during the call. No 
females or juveniles (under 45 mm snout-vent length) were 
observed to utilize this vocalization.
The churr in II. frenatus is strictly a fighting call. 
It probably functions as a Jast moment warning or intimi­
dation, and allows the attacked animal to begin his retreat 
before bodily harm is inflicted.
A call similar in context to the churr has been re­
ported in Tokay geckos (Wever et al., 1963b) and in 
Nephrurus asper (Bustard, 1967b). These large geckos are 
belligerent and when disturbed by a human or another gecko 
they open the mouth and utter a loud cry that is similar 
to the sound of a squeaky hinge. The call is frequently 
followed by a quick lunge at the intruder. In Tokays the 
call may be performed by both sexes, but much more fre­
quently by m a les.
Description.— The churr is an extremely rapid series
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of short chirps similar in sound to the rattle of a high 
speed teletype machine. Figure 20A shows sonagrams of 
this call for two males. These sonagrams are of the only 
two churr calls recorded, and both suffer from low inten­
sity and background noise due to the distance between the 
calling animal and the microphone. In spite of the poor 
resolution it appears that the call is composed of a 
series of extremely short sound pulses. The dominant fre­
quency of the pulses is approximately 2000 Hz with har­
monics at 1000 Hz intervals above the dominant. The dura­
tion of the two recorded calls is less than 0.2 of a 
second, and the other churrs heard appeared to be of 
similar duration.
The loudness of the churrs was relatively consistent 
and they were audible from approximately 35 meters distant 
under good conditions.
Single chirp call
A frequently heard call that is involved with distress 
is the single chirp (SC) call. Hundreds of these calls 
were heard while handling animals, and from caged captive 
animals. On nine occasions free-living geckos under obser­
vation utilized this call. Both sexes produced the SC call 
although males did so more frequently. Adults, subadults 
and large juveniles utilized this call, but no animal under 
35 mm in snout-vent length was observed to utter the SC 
call.
Fig. 20. Sonagrams of churr calls (A) and single chirp h
calls (B) of Hemidactylus frenatus recorded at Ciudad Valles, #
S.L.P., Mexico 1969.
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Context.--Two contexts for the single chirp were ob­
served. First, the call was often given whem a gecko was 
initially grasped by a human, or during rough handling of 
a captive animal. Second, aggressive interactions between 
individual males also resulted in 50 calls. If a large 
number of geckos were placed in a small cage, a great deal 
of low intensity aggressive behavior ensued, and SC calls 
were produced. On nine occasions SC calls were observed 
to follow low intensity aggressive encounters between free- 
living males. As the aggressor bit his victim the bitten 
animal gave the SC call, struggled and invariably escaped.
The single chirp call is obviously closely associated 
with distress, but its function in aiding the gecko is not 
known. The production of the chirp expells air from the 
lungs making the lizard slightly smaller, and the sound 
produced, although of low intensity, might act to startle 
a predator or aggressor. These two aspects of the call may 
aid the lizard to escape.
The involvement of the SC call in low intensity aggres­
sive encounters may also implicate it as a release call.
The low intensity aggressive encounter, as was pointed out 
in Chapter IV, is very similar to mating beahvior. It is 
possible that the SC call signals a male that he has grasped 
another male.
Vocalizations as a result of handling are known to 
occur in Cnemidophorus (Wever et al., I966) as well as in
l6l
some geckos (J.R. Dixon, personal communication; Evans, 
1936). In all cases these are short chirps or squeaks 
and their functional significance is not known.
Description.--The chirp is a single short pulse of 
sound; "gack” ; similar to the individual pulses of the
multiple chirp call. Two sonagrams of single chirps are
shown in Fig. 20B. The dominant frequency of the chirp 
is approximately 2000 Hz, with harmonics at 1000 Hz inter­
vals above the dominant. The duration of the chirp is
very short (less than .05 of a second) and it begins and
ends abruptly. The two chirps shown are of female (Fig. 
20B left) and male (Fig. 20B right) calls in response to 
rough handling. Calls of captive males during aggressive 
interactions were also recorded, and they appear identical 
to the graphed single chirps.
The loudness of the SC call varies; some chirps can 
only be heard from a few meters away while others are 
clearly audible from 10 meters. The level of intensity 
does not seem to be correlated with context, and the rear 
sons for these variations are not known. In general this 
call is of lower intensity than the others previously dis­
cussed.
Species-specific aspects of multiple chirp call
Recent investigations concerning species-specific 
stereotyped behavior in anuran amphibians, birds, and 
mammals has stimulated thinking concerning its taxonomic
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usefulness. Hinde and Tinbegen (1958) and Mayr (1958) 
have described stereotyped behavior in vertebrates and 
discussed its value to systematic zoology. Taxonomists 
are interested in studying genetic relationships between 
groups, and thus stereotyped behavior must be genetically 
controlled and variation within the group must be less 
than variation between groups. Some aspects of the acoustic 
behavior of insects (Dumortier, 1963), anurans (Bogert, 
i960), birds (Marier, I96O), and mammals (Tembrock, 1968) 
have been found to meet these criteria , and have demon­
strated taxonomic usefulness.
Species-specificity of gecko calls has not been stud­
ied, but Werner (1965), in his study of three subspecies 
of Ptyodac tylus geckos in Israel, states that the males of 
two of the species call differently. No quantitative evi­
dence is provided for this statement.
To determine possible species-specific differences 
in the MC calls of geckos, a superficial comparison will 
be made between the calls of Hemidactylus frenatus, Hemi- 
dactylus turcicus, and Phyllodactylus m a gnus.
Specimens of H. turcicus were collected on a motel in 
Tampico, Mexico on 29 March I968, and observed in captivity 
during the summer of I968. Multiple chirp calls were per­
formed primarily by males in agonistic contexts. The fre­
quency of calling was low and only portions of seven calls 
were recorded. The calls were long, averaging four seconds
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in duration with up to 17 chirps (average 13) in a culJ.
No temporal pattern could be established. The intensity 
of the calls was low, being audible from approximately 
four meters away.
Specimens of Phyllodac tylus magnua were collected on 
trees and fence posts west of Tehuantepec, Mexico on 24 
March 1968. These animals were observed in captivity 
during the summer of 1968. Most of the multiple chirp 
calls were performed by males in agonistic encounters. 
Calling predictability and frequency was low and only por­
tions of 10 calls were recorded. The calls consisted of 
an average of 7-5 chirps with a mean duration of 2.1 
seconds. A temporal pattern could not be established.
CaI ling intensity was very low and calls could only be 
heard from two or three meters away.
Sonagrams of portions of the calls of 11. f rena t us ,
H. turcicus, and magnus are compared in Fig. 21. The 
three calls chosen were recorded at an air temperature of 
approximately 27 C , minimizing differences due to tempera­
ture effects. Critical comparison is limited because of 
differences in level of background noise and call inten­
sity. The sonagram for H. turcicus is further complicated 
because the calls of two individuals are superimposed, but 
only the stronger five chirp call will be considered.
Species differences in duration of pauses and chirps, 
intensity pattern of chirps, and physical characteristics
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Fig. 21. Sonagrams of the multiple chirp call of the 
Mexican geckos Phyllodactylus magnus, Hemidacty1 us turcicus, 
and Hemidactylus frenatus recorded during 1968 and 19&9.
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of (he I'hlj'pa ere ell epperent . The voce I i/.et ion of H. 
tnrcicua hea longer pauses and a concomitant Iowej- call 
rate than either of the other two calls. In f rena tus 
and 11. turcicus the individual chii’ps of a call appear to 
decrease in intensity from first to last. in the call of 
2^ . magnus the most intense chirps seem to be in the middle 
of the call. The dominant frequency of the calls is ap- 
proximateiy the same, although it appears that "laKOUa
may bo slightly higher (250Ü Hz). The harmonics foi JH* 
t ui c i c us seem to be much closer t oge t lie r t ban those for 
1_1. f rena tus, being at 500 Hz intervals ra t her than 1500 
to 2000 Hz intervals. The pitch of the dominant frequency 
ill ( .1 c  b  iliirp ri.scs a m i  ( bioi ( i n s c  c i k I . m  o v e r  a  i a i i g < "  o f  a  
f ew  linndi I'd Hz in 11. 1 urc i c us , w 11 i 1 < * in II. I i cii.il us i I
drops 5 0 0  to 1000 Hz. I'bis rising and ilropping ol the 
pitch, a I id the relatively close harmon i c s gives the 11. 
t ui'c ic us chirps a heiring bone effect. The poo»- resolu­
tion of the chirps of P. magnus does not permit accurate 
frequency comparisons.
Although the calls of these three species appear to 
differ in many respects, it would be presumptuous to postu­
late species-specific calls on the basis of these limited 
observations. More data dealing with the vocalizations are 
required in order that the degree of variation between 
populations, subspecies, and species can be determined 
quantitatively. If this is done, it is possible that
1 6(>
n c o u s t i c  b o h n v i o f  crtt i  b«  i n  c on Jv i ru ' (, i o n  w l t . b  o l . b o r
o v i d e i » o o  t o  so I VO nmi iy  o f  t ho t o x o n o m i  c p r o b t o n i s  i n  t.lu* 
f r t i n i l y  G o k k o n i  d o o ,
CHAPTKH V I
l'MINCTl ONAt, StONir-'tCANCIÎ 01' TilK MULT TIM,IC CillHP CALI,
In IroducIj on
Kxpot'I men< n I in v o m  t igo t i o n a  with non-gokkon Id IJ/,nrcla 
nnd anni'on omph Ihinna hovo olncid/itod aomo of tliii func - 
tionol oapocta of diaploya (Mogort, 19 4 7 1 llutiaokor, 1902;
J on a a on , 1909; M/irlof ond 'I'hompaon , 199^1). I'hoan on thora
c one I udod thot tho diaploya loti ot t in t«jrri tor-i o I hoho v i or , 
ond o a t I>o I og i lo I iaoloting inoc lion i attta .
.Sp<u u I o ( i on N in ( lu' I i t, <> ro t, u n <> c o in <■ i ti i ng I h <> I iiiii - 
I i ono I a i gn i f i I'onI'<1 of gocko oroiia t i( diaploya, .in<i t he 
I ont o X (no I jndgnmonla < o n r  «; rri I ng call fnnc 1 I ona in the* 
ptosent atudy foquiro oxpor imon t o I auba ton t i o I, i cjm . How­
ever, no experimental atudies hove been attempted to ex­
plore the functional significance of gecko colls.
before the experimental work is discussed the ques­
tion of the ability of geckos to hear their vocalizations 
will be considered. This question has been partial I y 
answered by the work of Wever and his co-workers at Prince­
ton (Peterson, 1966; Wever et al., 1963a,hi 1964, 1965,
1966; Wever and Hepp-Reymond, 1967), and by the recent 
work of Campbell (I969). By measurement of cochlear
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potentials the gecko ear has been found to be generally 
less sensitive to sounds than mammalian ears, but it is 
as sensitive within a narrow range as a typical mammalian 
ear (Peterson, I966). The frequency of greatest sensi­
tivity varied from 100 to 3000 Hz (Campbell, 1969; Wever 
et a l . , 1964). Two species of Hemidactylus (H. turcicus 
and H . brookii) were most sensitive from 100 to 1000 Hz 
(Wever et al., 1964). The dominant frequencies of the 
calls of the gecko species studied were between 500 and 
3000 Hz (Campbell, I969 and the present study), strongly 
suggesting that geckos can hear their own vocalizations.
Materials and Methods 
Experimental apparatus
A 12 X 2 X 2 foot rectangular terrarium (Fig. 22) 
was constructed of an angle iron frame, glass panel front 
wall, sliding screen doors on top, masonite back wall, and 
3/8 inch plywood ends. The floor was covered to a depth 
of one inch with fine sand, while the back and end walls 
were covered with a 1/2 inch thick polyfoam pad to reduce 
sound reflections.
During the experiments the only light was provided 
by two 10 inch black lights (Blacklight Specialities, 
Oklahoma City, Okla.) placed on top of the terrarium three 
feet from either end. The experimental animals were marked 
with orange radiant flourescent paint (Radiant Color C o . ,
SLIDING SCREEN DOORS
SPEAKER
POLYFOAM ON BACK AND ENI
SAND ON FLOOR
SPEAKER
c
GLASS FRONT
Fig. 22. Experimental terrarium.
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Richmond, Calif.). This paint fluoresces"uhder black 
light enabling the observer to see the animals under the 
dim light conditions of the experiments. Observations 
were made from a 4 X 4 X $ foot blind placed directly in 
front of the terrarium.
Two fiVe inch 8 ohm high compliance loudspeakers were 
mounted, one inch from the top in the center, at either 
end of the terrarium. The speakers were enclosed in 6# 
inch square boxes constructed of %  inch plywood, and could 
be individually connected to a Uher 4000 Report L tape 
recorder within the blind.
The vocalization used in the experiments was a multiple 
chirp call produced by a solitary captive adult male H. 
frenatus (Fig. 23A). The call had been recorded in a 
small, 12 X 12 X l8 inch wire mesh cage at an ambient tem­
perature of approximately 27 0, and was loud, clear and 
nearly two seconds in duration. A 30 minute experimental 
tape was made by duplicating the call at one minute inter­
vals.
The other taped sound used in the experiments was that 
of white noise (Fig. 23B). This was obtained by tuning an 
F.M. radio between stations and recording the resultant 
noise. In the absence of a white noise generator this is 
a recognized method of obtaining a sound that contains all 
frequencies in nearly equal measure (H. Frings, personal 
communication). A two second segment of noise was
Fig. 23. Sonagrams of a male multiple chirp call (A) 
and a white noise (B) used in choice experiments testing the 
functional significance of the male Hemidactylus frenatus 
multiple chirp call.
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duplicated at one minute intervals to produce a 30 minute 
experimental tape. Both experimental tapes were recorded 
with the same equipment as described in Chapter V. 
Experimental animals
The twenty adult frenatus of each sex used in the 
experiments were obtained from the population at the Hotel 
Valles, Ciudad Valles, S.L.P., Mexico in August (Aug. 23-26) 
of 1969. The sexes were held separately and males were 
kept individually in small (8 in by 3 in diameter) circular 
cardboard containers. Females were maintained five to a 
cage in 12 X 12 X 18 inch wire-mesh cages. It is felt that 
this means of holding the animals reduced individual inter­
actions and prevented the formation of aberrant social 
structures which might have affected the experimental re­
sults. Meal worm larvae and water were provided ad libitum, 
and most of the animals remained vigorous during the month 
of experimentation. Deaths and escapes during the experi­
mental period reduced the numbers of males and females to 
18 and 15 at the conclusion of the experiments.
Experimental procedures
Tests were run in October of 19&9 at the University 
of Oklahoma Animal Behavior Laboratory. Work generally 
began at dusk (8:30 PM) and continued until 10:00 or 
11:00 PM. Air temperature during the experiments varied 
from 25 to 28 C with an average of 27 C . The experimental 
animal was placed under an opaque glass release jar in the
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center back of the terrarium, and the experimental tape 
played over one of the speakers for a 5 min period. The 
volume of the recording was adjusted to an intensity that 
approximated that of a call produced in nature, and was 
kept constant in all experiments. The release jar was 
lifted off the animal by a string from inside the blind.
As the tape continued to play, the gecko was allowed 30 min 
to reach the wall at either end of the enclosure. Reaching 
the end wall constituted a choice, and the trial was ter­
minated. If the animal did not reach one of the end walls 
within 30 min the trial was scored no choice. The animals 
were run, one after another, for two trials alternating 
the speakers used regardless of pr evious resul ts. I'hus , 
each animal had two trials, one from each speaker, in each 
exper iment.
Three separate experiments were performed following 
the procedure outlined above. First, the male multiple 
chirp tape was played to females; second, the male multiple 
chirp recording was played to males; and third, the white 
noise tape was played to males.
Results
The responses of female H. frenatus to a male multiple 
chirp call are shown in Table 21. In trial one, 7 females 
chose the end wall where the call was being played, while 
4 chose the opposite wall. This 1.75 • 1 ratio (females 
toward call) was found to be non-significant by a Chi-square
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test. The second triaJ reversed the trend with more females 
moving away from the call (2:1 away) and was also non­
significant. The combined results for trial 1 and 2 pro­
duced an almost perfect 1:1 ratio, strongly indicating that 
the choices of the females are at random.
Table 21. Responses of female Hemidac tylus frena tus to a 
recorded male call with statistical evaluation 
of results.
Chi-square
Trial Responses Values Probabilities
Toward Away No Choice
J 7 4 8 0.82
P
P
0.50 z 0.455 
0.10 = 2.706
2 a 6 1 .3/1 s.'line
1 +2 1 J 12 14 0.04 PP
o.qo 0.016 
0.50 - 0.455
The upper part of Table 22 shows the responses of 
male H. frenatus to the male multiple chirp call. In the 
initial trial 12 males moved away from the end at which 
the call was being played while 4 moved to the call end.
The resultant 3 :1 ratio was statistically significant at 
the 5% level. Trial 2 also resulted in more males moving 
away from the side of the acoustic display (2 :1) but the 
ratio was not statistically significant. The combined 
results produce a 2.4 : 1 ratio and these data are signifi­
cant at the 2 .5% level.
It appeared from the data presented above that male
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T a b le  22 . Reaponaea o f  male H em idacty lua  f re n a tu a  to  a 
reco rd ed  male c a l l  and to  w h ite  no ise  w i th  
a t a t i a t l c a l  e v a lu a t io n  o f  r e a u l t a .
E xperim ent Reaponaea V alues
C h i-s q u a re
P r o b a b i l i t i e s
M ale c a l l Toward Away No choice
T r i a l  1 4 12 2 4 .0 0 * PP
0 . 0 5  = 3 .84 1  
0 . 0 2 5 =5 . 0 2 4
T r i a l  2 6 12 2 .0 0 PP
0 . 5 0  =0 . 4 5 5  
0 . 1 0  =2 . 7 0 6
1 + 2 10 24 2 5 . 7 6 * PP
0 . 0 2 5 =5 . 0 2 4  
0 . 0 1  =6 . 6 3 5
W hite  n o is e Toward Away No choice
T r i a l  1 6 8 3 0 . l 4 PP
0 . 9 0  =0 . 0 1 6  
0 . 5 0  =0 . 4 5 5
T r i a l  2 6 7 2 0 . 0 8 same
1 + 2 12 15 5 0 . 1 7 same
* S i g n i f i c a n t  d e v ia t io n  from expected
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II. t'retmitia wore ropolltu! l>y rt itift I o iniiltipUi t lilrp t <t I I . 
Ilowevei', i( is poaaiblo thrtt, I h« jçtukoM woio iiuuoly <i v«)l«J i ttg 
the noiae i a t he i than the call,. l'«) teat thia Idea a wit 11 e 
aolao ot' aimllai diit'ation to the call waa played lo (he male 
geckos. The reaiiLt s of' t his oxpocimont ace shown In I he 
lowec halt' of' Table 22. In both tclals, ant! the combined 
trials, a ratio ot' approximately 1:1 was obtained. riils 
ratio indicates no directed response to the whi t e nctlse.
The males and t'emalea In la bias 21 and 22 not only 
differed in response to a male call, but also In numbers 
of animals making; no choice. I'onrteen of 37 female trials 
resulted in no choice while only 7 of 6 1 moles made no 
choi sc.
The possibility that t h (> I i /. a r <ls ' t ho i < c  s a r <; b <• i ng 
affect ctl by soiiu' fac t oi' within t lu; ttorarinm was i luit ked 
by la I lying the number of ( im«>s the left and right ends 
were chosen. The I'ight end was chosen 47 times and the 
loft 40 times. A Chi-square value of 0,56 (P O . 5 O - 0.46,
P 0.30 = 1 .0 7 ) was obtained, indicating a non-significant 
deviation from a random distribution. Since an equal num­
ber of trials was made with each speaker the geckos did not 
appear to demonstrate a preference for one end of the 
terrarium over the other.
Discussion
The females apparently made no directed response to 
the male multiple chirp call, and in fact, seemed weakly
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stiniulatod to m o v o . In tho light of rosultH from aim! lor 
experiments of this type with diurnal lizards and anuran 
amphibians it was thought that the females would be a t ­
tracted to the male calls. In diurnal lizards with visual 
displays this has proved to bo the case. Ilunsakor (I 962) 
observed that females of the See Ioporus torqua tus group of 
lizards preferentially associated with mode Is performing 
the display of the female's species. .Jensson (1969)1 w o r k ­
ing with Anolis nebu losus, demonstrated that females w e r e  
attracted to a filmed species-specific display. both of 
these authors suggest that the male display could serve as 
an etho logical i s o 1a ting mechanism in areas of closely 
r e l a t e d  s y m p a  t r  i ( s p e c i e s .
I ' h e  s o u n d s  o l '  m a l e s  m a y  a t t r a c t ,  I (una I e s  i n  a n u i a i i s .  
b o g e i ' t  ( 1 9 4 7 1  i n  an experimental study o f  the r e s p o n s e s  erf 
Uufo terrestris to recordings of tho male caI I noted that 
females were attracted. Martof and Thompson (1958) observed 
that recordings of breeding calls of Pseudacris nigrita 
attracted gravid females of the species. Awbrey (I965) 
tested several anurans, in both choice and no choice situa­
tions, and his results indicate that breeding calls attract 
females. These authors all point out that the calls could 
function as ethological isolating mechanisms between closely 
related sympatric populations.
In the present study there are at least two factors 
which might have resulted in the lack of female response
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to a male call. First, the experimental call may not have 
been the proper stimulus for female attraction. Although 
the multiple chirp call appeared to be the most likely 
choice for such experimentation, it is possible that another 
call functions as a breeding call. Further, it is possible 
that more than one call has been lumped under the name of 
multiple chirp call, and the call utilized in the experi­
ment does not function to attract females. Second, the 
physiological state of the females varied. They were not 
in the same stage of estrous, and a few were gravid. Physi­
ological state is known to affect the behavior of lizards 
(Ferguson, I966) and may be responsible for the inconclu­
sive results in the present study.
In general, males gave a negative response to the male 
multiple chirp call and were more stimulated to move than 
females. Further it was determined that their behavior 
was not merely an avoidance of noise but an avoidance of 
the vocalization.
Experimental studies dealing with male responses to 
displays in diurnal lizards have been few in number. Harris 
(1964) constructed a wooden model of Agama agama which 
could be made to display by pulling a string. This simu­
lated lizard elicited strong aggressive reactions from 
nearby males. Jenssen (1969) presented male Anolis nebu- 
losus with filmed displays and found that an aggressive 
response was produced. No choice experiments have been
i8o
done to determine the response of male lizards to male dis­
plays .
The calls of male anurans have been shown to repel 
conspecific males. Duellman (1966) has described vocaliza­
tions of male dendorbatid frogs that serve to keep other 
males away. Bogert (19^7) in his experiments with Bufo 
terrestris noted that males were repelled by male breeding 
calls. The recent work with bullfrogs (Capranica, I968; 
Emlen, I968; Wiewandt, I969) has demonstrated that calls 
of males repulse other males, and that they are closely 
associated with the establishment and maintenance of ter­
ritory .
The investigations above, and the present study, p ro­
vide evidence that the vocal displays of male geckos could 
function to establish and maintain territories. The selec­
tive advantage of these territorial vocalizations are obvi­
ous. By promoting territoriality, they tend to organize 
and space out the population, and limit the size of the 
breeding population. The vocalizations also reduce the 
chances for individual aggressive interactions by a dis­
tance warning system. This, in turn, conserves energy and 
lessens the chance for injury due to aggressive encounters. 
The males can, for the most part, maintain their terri­
tories merely by informing other males of their presence 
by a vocal display.
It should be stressed that the results obtained in
l8l
this study are preliminary and that much more work must be 
done before definitive statements can be made concerning 
the function of the multiple chirp call in H. frenatus.
CHAPTER VII
5UMMARY
The present study is the first ethoecological work 
done with Hemidactylus frenatus, and the first detailed 
study of any member of the genus in the New World. The 
study had its inception in May 1968 and continued through 
September 1969- Over 300 H. frenatus from a population 
at the Hotel Valles in Ciudad Valles, San Luis Potosf, 
Mexico were studied in the field (March-May I969) and in 
the laboratory (October 1969). Ecology and behavior were 
described with emphasis on description and analysis of 
acoustic behavior. An experimental study of the func­
tional aspects of the vocalizations was also performed. 
The results of this investigation are summarized below.
H. frenatus has an extremely wide pantropical distri­
bution and can be referred to as a "weedy" species. In 
Mexico it is found largely on the west coast with only a 
few eastern slope collecting localities. Distribution is 
along routes of commerce and the species is found almost 
entirely within human settlements.
The climate of Ciudad Valles is tropical with rela­
tively high temperatures much of the year (mean 20 to
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25 c). Rain falls in every month with a maximum during 
the summer months. Daily temperature and humidity changes 
are gradual with highest temperature - lowest humidity 
occurring the the afternoon, and lowest temperature - 
highest humidity in the early morning hours.
The sex ratio is biased in favor of females (45:55) 
and this result agrees with other gecko studies. The 
greater activity o f  males, resulting in higher predation, 
appears to be the cause of the unbalanced sex ratio.
The sexes differ significantly in size, with males 
being longer and heavier than females. The average snout- 
vent length and weight of males were 51.0 mm and 3.2 gm 
while the length and weight of females averaged 50.0 mm 
and 2.9 gm respectively. Distinct size classes due to 
age are obscured in the population because the geckos are 
long-lived, reach adult size in a year, and have an ex­
tended breeding season.
Calculated growth rates fit the classic idea of animal 
growth with very rapid growth at first (4.4 mm per month) 
and a slowing as maturity is reached (.97 mm per month).
A significant sexual difference in growth rate was found 
in the largest size class. The growth rate of females 
slows more rapidly than that of males as maturity is ap­
proached.
The tail is approximately equal in length to the body 
(l:l). In males the tail is shorter in adults than in
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young, but in females the opposite is the case. Geckos 
differ from most other lizards in having tails which are 
equal to or shorter than their bodies.
Evidence of natural tail breakage was found in nearly 
kO% of the animals collected. Smaller animals have a 
lower frequency of broken tails than larger animals, and 
females have a lower incidence of breakage than males.
Tail breakage probably occurs during conspecific aggres­
sive interactions and as a result of unsuccessful preda­
tion.
Shedding geckos can not cling to vertical surfaces or 
ceilings and are secretive and quiescent during ecdysis.
A population density of 6200 individuals per acre, 
and a biomass of l8,600 grams per acre were calculated for 
H. frenatus. Density and biomass were found to be affected 
by the nature of the habitat. The biomass and density of 
H. frenatus are high compared to other species of lizards. 
It was concluded that the high figures were due to the mul­
tiple dimensions of the geckos' habitat.
Cloacal temperatures of active geckos ranged from 
19.0 to 34.3 C with a mean of 2?.2 C. Cloacal tempera­
tures are closely correlated with air, and especially with 
substrate temperatures. However, body temperatures are 
usually higher than environmental temperatures due to 
limited thermoregulatory behavior. Cloacal temperatures 
of H. frenatus are lower and much more variable than those
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of diurnal lizards. IL was suggested that the torrii "mean 
activity temperature" be substituted for "mean preferred 
temperature" in studies of nocturnal gecko thermal ecology.
Annual periodicity in frenatus is probably depen­
dent on temperature. Gecko activity increased over the 
three month study period, and tho increase was closely 
correlated with rising temperatures. There was a greater 
correlation between number of active geckos and diurnal 
temperatures than between activity and nocturnal tempera­
tures. üiel activity demonstrated that the geckos are 
almost exclusively nocturnal and that the determinate for 
initié)! ion and cessation of activity is light. Nocturnal 
activity increases from dusk to :x high at I : 00 AM, and is 
till'» i n (a i netl a (. about (his I eve I until dawn. Noct.uriiai 
activity can be reduced by factors such .as huin.an activity, 
wind, rain, and low temperature.
Habitat preference was determined; geckos prefer large 
complex structures with some artificial light. Concentra­
tions of animals occur in areas with adequate places of 
refuge, dim artificial light, and low levels of human 
activity. Perch sites are generally high (3.0 m ) , on wood, 
and vertical, with height and vertical orientation being 
the most important factors.
The average distance between captures for Main Build­
ing animals was 2.7 i 2.l4 m and 3*9 1 2.74 m for males 
and females respectively. The average distance between
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captures l'or Uot^a Mario moles and Cerna les was 7-^ 1 4.48 m 
and 3.8 1 3.62 m. liuilding diCCerences i.n movement are 
statistically significant, and are r  e I a t e d Lu  diCCorences 
in building population density. Average distance between 
cap tu* es inc-reases with increasing body length in males, 
but not in Comales. Male increase in movement with si%e 
is thought to be due to increasing dominance and aggres­
siveness of large males.
Two types of territoriality are found in adult maio
II. frenatus. Some individuals exhibit classic territori­
ality and defend a given area from conspecific males.
Other animals seem to have dynamic territories that move 
with them.
ihe breeding structure of the gecko population is a 
type of limited polygamy. Groups of geckos generally con­
sist of one, or infrequently two, adult males, two or more 
adult females, and varying numbers of subadults of both 
sexes. This differs from the breeding structure of non- 
gekkonid lizard populations which generally exhibit a type 
of facultative monogamy.
The estimated breeding cycle for Ciudad Valles H.
frenatus is as follows. In February animals emerge from
winter retreats and territoriality, male aggression, and 
mating begin. These activities continue, with egg laying 
and hatching of young, until cold weather returns in Novem­
ber of December. In the nine month activity season at
1«7
least, thi’oo broods poi Coma I o a re possible.
F^eedi»^ was observed, aiid the geckos are opportiiti- 
istic insectivores. They consume large numbers oC small 
moths, mosquitoes, and leaCboppors, as well as attempting 
to subdue extremely Large food items. Vision plays a 
predominant I’oio in Feeding, and depend ing on the size oC 
the food item, two types of feeding behavior are observed.
The I ocoinotion of II. f rena tus is similar to tlint of 
othe1 quadrupeds, except that the body is kept close to 
the substrate and sinuous side to side movements of the 
body accompany locomotion. These modifications may in­
crease frictional contact with the substrate and thus 
c o u l d  a i d  (be a n i m a l  in m o v i n g  on wa I I s a n d  ceiliiig.s.
i'wo t y p e s  of e I iuiiiiat ive b e h a v i o r  w<îre ob.served I ha I 
differed in posture depending upon the orientation ol the 
subs t ra te.
Escape behavior consists of immobilizing to escape 
detection, moving out of sight, and seeking permanent shel­
ter. When caught, tail autotomy, biting and vigorous 
struggling are utilized to break free.
Animal associates of the geckos are food competitors, 
such as Sceloporus variabilis, and predators, such as 
house cats.
Courtship and copulation were observed and were di­
vided into five stages on the basis of male behavior (ap­
proach, initial hold, neck hold, copulation, and post
laa
c o p u  I rt t. i  t)M ) . C o u i ' t s h i p  i It H_. l’ i o n a  l, itw , <iiifl i i i  o ( h « t f  i i o t -  
t i n ' i i r t l  g t u ' k o »  « i t i i i i i o t i ,  ( I l  ( I  «MM I I  um I h r t i  n i  t l i u i i i n l  I I / -  
t t i ' t ia  i n  ( h r t t  g o t ' k n »  p o r i o r i i i  in» d i a p l n y a  pi  i n t  I *) inni i n g .
Cnn i n c  ( s tu n iia  l «> hn i h e  I i  i a l n a a n n t i n i  t i in m im i .  i n  n n c L n r n n l  
g o c k o  i i i r t l i n g .
i'hn t <> t I w n #  wn.i n coiiiiiion I y itliHtii vntl liohnvioi’ I ho I I M 
u a « d  in n v n r i o t y  ni n a n i i a l  n n d  a n t i n l  l'nninxiH. in nil 
I n a n s  il ni i ni i m l  ni inniiionts ni liiji;li iK'ivniiM l.onainn.
Assfo.sn i vo linhn vint in «*xh il) i I o d  o n l y  hy iiini on n n d  
in n i  iwo t y p n n .  ih») iirnt I y p n in n I nw i n i n n s i t y  o n-  
l'ountor w h i c h  in q u i i o  coinmnn n n d  i n v n i v o n  no n p o c i n i  p n n -  
tui'G or d i n p i n y .  i'ho a o c o n d  i y p o  is in i r o q  non i iy o h n o r  v o d  , 
find in ni h i ,u;h inlf'iinily. ih«‘nn h i u;h int»*nnily «>M<->iin t nr'n 
n I wn y n i ii v o I y i> n tlii I t inn 1 n n t hn I vo i <i I i •/,<> , pon I. n r n «iihI 
oc c fi n i o n n  I I y i i g h l .  Noitiiriinl goi k o n  n p p o a r  In p n n n o n n  
the a n m e  in c e l a  n i  a g g r e s s i v e  b e h a v i o r  as o t h e r  l i z a r d s ,  
e x c e p t  t h a t  d i s p l a y s  a r e  a u d i t o r y  a a w e  I I as v i s u a l  .
Contextual observations and recordings oi vocaliza­
tions demonstrate at least three functionally, and physi­
cally, distinct types of calls. These are the multiple 
chirp, the churr and the single chirp calls.
The multiple chirp call is the most commonly heard 
vocalization and is closely associated with agonistic be­
havior and territoriality. The call consists of a series 
of loud chirps (average 9) that are suggestive of the 
barking of a small dog. Sonagraphic analysis of the chirps
I H«>
«howrt n (iomitutiH ri'«'cju«»iu y nppiox i mat t« 1 y liOOO II /, and n 
fr<uju«Muy raiigo I'roin l)« l«)w I ()()() t «) ovac 14 II/,. I'l»«*
inaau call raie» ia 4.31 «lilt'pa par aacond. A h 1 gli I y a I g - 
n I (Mean I poailiva corra lal I o n  axial a l>a(wa(»u call ra la and 
I ampet'a I ura . I'ha call la roennl l.o have» a lii *111 y e e)na i a I eni I 
IamporaI pallarn,
Ca I I lag par le) el i c i ( y waa i nvaa I. Iga I ad lor I he multiple 
chirp call. I'he» avenago daily nnmhen ol c a I la ie)r OOeh 
week ol' I ha atudy waa ionnel le) iiie r aaae) ove>r l.hei Ihroo mon I h 
al ndy pe»i ioel. Ave>raga nninbeu' ol ca 11 a par aaeik was c l ose» I y 
I <)i're> I a t.e'd will) ave»rage» numhe»ra ol gen koa c e<nanae)il, and 
ho I h we» le» ce) l'le» I ell e'd will) a va rage) we»e»k I y I oinpe) r a I, nr O da I a .
I'w e»n I y - l ' o n  r h o u r  r a l l i i i g  pe» r  i o d  i c i I y w.i m d <> I c i mi i ii <1 . i n  <1 
1 .1 1 I M \v (' r  e> o h  a <> I ■ V e> (1 I o i i ie i erise» I' roi i i  d u  ,m k t o  a h i g h  i n  I 11  <■ 
e ' a r l y  m o r n i n g  h o u r s .  I'he* n u m h e » r  o I  c a l  I s  pe»r h o u r  i ,s e o r -  
re» I a  I e»d w i l l )  the» n u m h e i r  e>r ae  I i ve) g e i r k e i . s .  The» I ill) i I, a  o l  
v o c a l  a c t i v i t y  a r e »  eia I o r m i  n o d  h y  l i g h t  i i i l  e»ns i  I y w i . I . h  I ' ow  
c a l l s  he) T o  te» d u s k  a n d  a l ' J o r  d a w n .
The churr caI I was infrequently hoard, occurring on I y 
dui'ing high intensity aggressive encounters. Phis call 
probahly functions as a last moment warning or intimida­
tion. he churr is a rapid series of short chirps lasting 
less than 0.2 of a second. The dominant frequency of the 
chirps is approximately 2000 Hz.
The single chirp call was frequently heard and is 
closely associated with distress. This call occurs during
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rough handling and aggressive encounters. The chirp is a 
single, short (.05 of a second) sound with a dominant fre­
quency of 2000 Hz.
In order to elucidate possible species-specific differ­
ences in the multiple chirp call, a comparison was made 
between the calls of Hemidac tylus frenatus, H. turcicus 
and Phyllodac tylus magnus. The c a 1 Is differ in physical 
as well as temporal aspects, and could possibly be species- 
specif ic.
The functional significance of the multiple chirp call 
was investigated by experimental means. A male call was 
played to male and female II. frena tus in a choice situa­
tion- Females made no directed response to the male cal I. 
Males gave a s igni 1 i c t negative response to the call, 
and it was determined that this was not merely an avoidance 
of noise but an avoidance of the vocalization. These re­
sults provide evidence that the vocal displays of male 
geckos could function in establishment and maintenance of 
territories.
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